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THE STEAM CONSUMPTION OF LOCOMOTIVE ENGINES 
FROM THE INDICATOR DIAGRAMS 


I. Lyrropuctron 


1. Prelaminary—Steam locomotives in service on the road are 
tested from time to time to obtain data as to their capacity and effi- 
ciency, both being matters of vital importance in the successful and 
economical operation of trains. The tests are made for various pur- 
poses, among which the most important are those for the determination 
of the indicated or dynamometer horse power, the measurement of the 
steam and coal consumption per horse power developed either in the 
cylinders or at the tender drawbar, and the adjustment of the valve gear. 

Two general methods of testing locomotives for economy and capacity 
are in use: (1) On the test plant, where all quantities measured may 
be ascertained with great accuracy for any given set of conditions and 
where conditions can be controlled. (2) On the road in regular service 
by measuring the total coal and water used for all purposes, and by 
determining the power developed by the engine either in the cylinders 
by means of the indicator, or at the tender drawbar through the aid of 
a dynamometer car. 

The first method is the only one which permits the accurate deter- 
mination of the effects produced by the varying conditions of service, 
including the steam consumption per indicated horse power hour de- 
veloped at a given rate of power. 

The second method is of use only to measure the capacity and 
average economy over a given run or over a long period of time. The 
steam consumed at the several rates of power cannot be segregated in 
this method due to the continual change of profile, necessitating cor- 
responding changes in the rates of power, and to operating restrictions 
imposed by different service conditions. . 

The use of steam for auxiliaries such as the air pump, the train- 
heating system, blower, electric train-lighting sets, and also the loss of 
steam or water through the safety valves, blow-off valves, and boiler 
leaks render impossible the determination of the actual steam consumed 
per unit of power developed by the engines, since from 2% to possibly 


15% or 20% of the steam generated is used by the auxiliaries, or is lost. 


It is thus practically impossible under ordinary conditions to measure 
the actual steam consumption of the engines. 

While indicator diagrams are generally taken during a locomotive 
test, the use of these diagrams has been limited to the determination 
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of the indieated horse power, the correctness of the adjustment of the 
valve gear, the effect of the exhaust nozzle on the back pressure, and 
the diagram factor as a guide for future engine design. It has been 
considered impossible to obtain a reliable estimate of the steam con- 
sumed by the engines from the diagrams, because of the variable and 
unknown “initial condensation” of steam up to the point of cut-off. 
Further, no data have been secured from the diagrams regarding pis- 
ten and valve leakage, and it is practically impossible correctly to locate 
on the diagram the events of the stroke, cut-off, release, true compres- 
sion, and admission. 

2. Development of a New Analysis of Cylinder Performance.—As 
the result of an investigation of the forms of the expansion and com- 
pression curves which occur in indicator diagrams, new methods were 
developed for obtaining a measure of the actual steam consumption from 
the diagram alone, for deteeting leakage into or out from the cylinder 
while the engine is in normal operation, for determining the amount 
ef the clearance displacement, and for determining the location of the 
events of the eyele. 

The development of these methods has been described in detail in 
Bulletin No. 58 of the Engineering Experiment Station and in a paper’ 
before the American Society of Mechanical Engineers. A short résumé 
of the results will be given here. 

The investigation disclosed the fact that the indicator diagram con- 
tains In itself the evidence necessary for an almost complete analysis 
of eylinder performance, the results of which have not heretofore been 
considered possible. 

In obtaining these results the indicator diagram was transferred to 
logarithmic cross-section paper and a figure constructed which is called 
2 logarithmic diagram. By the aid of this diagram it was found that the 
expansion and compression curves of all elastic media used in practice 
obey substantially the polytropic law PV¥"—C, or in other words that 
the curves become straight lines on logarithmic paper. From this fact 
there were developed rational methods of approximating the clearance 
of a eylinder, of closely locating the cyclic events, and of detecting mod- 
erate leakage with the engine in regular operation. 

Tt was discovered that the value of n in the law PV?=—C is con- 
trolled direetly in steam cylinders by the quality of the steam mixture 
which is present at cut-off, called x, and that the relation of z> and n 
is practically independent of cylinder size and of engine speed for the 
same class of engine as regards jacketing and back pressure. This fact 

tA.S ME. Journal, p. 539, April, 1912. 
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enables us to determine the actual amount of steam and water present 
in a cylinder at cut-off from the experimentally determined relations 
of x- and n, and thus to determine from the diagram the actual steam 
consumed. This method of determining steam consumption will be 
called the n — 2, method in subsequent discussion. 

For details of the processes described and for the exhibit of the 
facts leading to the results mentioned, the reader is referred to Bulletin 
No. 58. 

3. Application of the Analysis to Locomotives.—In view of the dif- 
ficulties of determining the actual steam consumption of locomotive en- 
gines on the road, and of segregating the consumption at different rates 
of power, the advantages to be derived from applying the new analysis 
to locomotives are apparent. 

For this application it is extremely fortunate that there are in exist- 
ence several hundred complete tests of almost all common types of sim- 
ple and compound locomotives. These tests were run on locomotive test 
plants under laboratory conditions and were carried on with great care. 

4. Sources of Data.—The tests which have been analyzed in this 
investigation comprise the Purdue tests made by Dr. W. F. M. Goss, the 
St. Louis tests made by the Pennsylvania Railroad System, and later 
tests made at Altoona, Pennsylvania, by the Pennsylvania Railroad 
Company. 

The Purdue tests were run at the locomotive testing plant of Purdue 
University, Lafayette, Indiana, on a 16 in. x 24 in. simple locomotive. 
The first series of tests analyzed were made in 1904-1905 with saturated 
steam under different pressures varying from 120 lb. to 240 lb. gage, 
and are noted in “High Steam Pressures in Locomotive Service,” by 
Dr. W. F. M. Goss. In the second series of tests which are described 
in “Superheated Steam in Locomotive Service,” by the same author, a 
Cole superheater giving about 160° F. of superheat was used under 
various pressures. 

The St. Louis tests which are described in “Locomotive Tests and Ex- 
hibits,” published by the Pennsylvania Railroad Company, were run at 
the Louisiana Purchase Exposition at St. Louis, Missouri, in 1904. The 
test plant was built by the Pennsylvania Railroad System, and erected 
in the Transportation Building of the Exposition. Two simple and six 
compound locomotives were tested at this plant, and the results from all 
of these tests have been analyzed. 

The Altoona tests were run on the same plant as the St. Louis tests 
after that plant had been removed to its permanent location at Altoona, 
Pennsylvania. Of the tests made there since 1904, two simple locomotives 
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using saturated steam and one simple locomotive using steam super- 
heated about 250° F. were among those analyzed. 

The locomotives from which the tests were obtained comprise prac- 
tically all important types in use in America and Europe except the 
Mallet compound locomotive. Six simple and six compound locomo- 
tives are represented. 

5. Results of the Analysis of Locomotive Diagrams.—The develop- 
ment of the n —a- method of determining from the indicator diagrams 
the actual steam consumed, and of the other methods relating to leakage, 
clearance, and cyclic events results in enlarging the scope of locomotive 
tests and in making more accurate and valuable the information to 
be gained from them. 

It also makes more valuable the application of the results of loco- 
motive tests on test plants to the conditions obtaining upon the road. 
The application of these methods to road tests accomplishes the follow- 
ing results: 

(1) The steam consumption of the engines may be obtained from 
the indicator diagram alone to a degree of accuracy greater than that 
obtained by most full road tests. 

(2) The n— x; method of accounting for the actual steam consump- 
tion of the engines in connection with the regular road test will give 
reliable information as to the amount of steam used by auxiliaries and 
that lost and wasted, such information being exceedingly difficult to 
obtain at the present time. 

(3) The existence, and in some cases the amount of leakage through 
valves and into and out from the cylinders may be ascertained; the 
spring of valve gears may be determined from the logarithmic diagrams 
as shown by the change in location of the cyclic events under various 
conditions. 

(4) The clearance may be determined from the diagram to a sat- 
isfactory degree of accuracy. 

6. Acknowledgment.—Acknowledgment is made to Dr. W. F. M. 
Goss for the use of material from the tests which he conducted at Pur- 
due University; to Purdue University through Dean O. H. Benjamin 
for the use of the original indicator diagrams from the Purdue tests; 
to the Pennsylvania Railroad Company through Mr. ©. D. Young, En- 
gineer of Tests, for the use of the original indicator diagrams and of 
material from the St. Louis tests, and also from later tests made at Al- 
toona. 

Valuable suggestions have been received from Dr. W. F. M. Goss, 
Professor C. R. Richards, and Mr. F. W. Marquis. 
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Thanks are also due to Mr. A. F. Westlund for his efficient services 
in preparing the data, and in checking the manuscript. 


II. Apprricarion to Simpitx Locomotives or THE n — 2%-¢ Mrruop For 
Detrrminine Steam ConsumMPprion 


7. Operating Conditions and Methods of Application to Tests—All 
of the tests of simple and compound locomotives analyzed were run with 
the locomotive operating under approximately constant conditions of 
speed, cut-off, and boiler pressure as shown by the laboratory designation. 
The duration of tests was in most cases from two to three hours, although 
some few were run for only 80 minutes. All readings except the weight 
of coal, this weight not being used in this investigation, and the indica- 
tor diagrams were taken every ten minutes. 

All water lost from injector overflow was returned to the feed tank, 
or was caught, weighed, and allowance was made; all steam lost from 
safety valves, calorimeters, etc., was allowed for and subtracted from the 
quantity used per hour by engines; correction was not made in the log 
for the moisture carried by the steam, as the actual amount of steam and 
water present was desired; allowance was made for differences in height 
of water in the gage glass between the start and end of a test; there- 
fore as far as can be ascertained, the weight of total steam and water 
used by engines per hour was correct, barring boiler leakage and the 
usual experimental errors incident to short boiler tests. 

To represent the tests, one complete set of indicator diagrams taken 
at the same reading was selected, with an average mean effective pres- 
sure nearest to the average mean effective pressure of the whole test. 
These readings were taken when the boiler pressure was not more than 
4 Ib. from the average pressure prevailing during the test. Almost all 
of the sets of diagrams were within % of 1% of the average mean ef- 
fective pressure for the test, hence the set selected could be taken 
fairly to represent the whole test. 

From the set so selected logarithmic diagrams were constructed in 
accordance with the method described in Appendix I. The average val- 
ues for n, %p, and the absolute pressure at cut-off, called p, were deter- 
mined from the logarithmic diagrams in the manner described in Appen- 
dix I, Article 3. 

For the purpose of obtaining reliable results the following conditions 
were imposed: 

(1) The steam pressure was maintained fairly constant. Tests 
having bad “steam failures” were rejected. 
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(2) The feeding of water was regular for the very short tests, short 
tests having irregular feeding were not used. 

(3) Representative diagrams were chosen. 

(4) Tests rejected by the Pennsylvania Railroad for evident in- 
consistencies were not used. 

(5) Boiler pressures which varied between wide limits were not 
used. Only those diagrams were used which were taken when the boiler 
pressure did not vary more than 4 lb. from the average for the test. 

All tests not rejected for the conditions mentioned were analyzed and 
used. The tests rejected amounted to 5% of the total number available. 

8. Relations of x, and n for Simple Locomotive Engines.—The 
relations of x, and n from the cylinders of six typical simple loco- 
motives were examined. The tests gave data as to the effect on the 
relation of change of cut-off pressure, speed, cylinder size, the use of 
saturated and superheated steam, and of various types of valves as they 
affected valve leakage and steam distribution. 

A total of 189 tests was analyzed. The general classification of 
the locomotives tested and the number of tests analyzed for each one is 
given in Table 1. The principal dimensions of the six locomotives are 
given in Appendix II. 

The general logs of the 189 tests are given in Tables 5-10 in 
Appendix II. Only those quantities are given which relate to the 
water fed and the values of x, and n. 

9. Relations of x, and n for the Purdue Locomoiwe.—tThe values 
of xz, and n from the 104 tests of the Purdue locomotive are plotted 
in Fig. 1. These tests were run at the boiler pressures of 120, 160, 
180, 200, 220, and 240 lb., and for each pressure at speeds of 97.5, 
146, 195, and 243.5 r. p.m. The points comprise 35 tests with super- 
heated steam, and 69 tests with saturated steam. The cut-off varied 
from 12% to 46% of the length of the stroke. In spite of the widely 
varying conditions of pressure, speed, cut-off, and quality of steam used, 
it is seen that the general relation of x, and n is well defined. 

The values of x- and n for the 19 tests run at 200 lb. pressure are 
plotted in Fig. 2, showing the effect of various speeds for tests run at 
the same boiler pressure. This figure contains lines which will be ex- 
plained in connection with the determination of the influence of speed 
upon the relations of 2 and n. 

10. Relations of x, and n for all Simple Locomotives Tested.—All 
of the values of x, and n from the 189 tests of the six locomotives were 
plotted in Fig. 8. This figure proves the relation of x, and n for one 
class of engine, and it also proves the comparative independence of this 
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relation from the effect of unduly varying pressures, speeds, sizes, types — 
of valves, and quality of steam used. 

In the tests shown, the speeds varied from 40 to 280 r. p- m.; the 
boiler pressures from 120 to 240 lb.; the displacement of the cylinders 
from 2.8 to 9.1 cu. ft. (the cylinder sizes varying from 16 in. x 24 in. 
up to 27 in. x 28 in.) ; the quality of the steam from saturation to 250° 
F. of superheat and the cut-off from 12% to 50% of the stroke. 

The tests were made with locomotives having common slide valves, 
balanced slide valves, and piston valves. Almost every condition which 
is ever present in a simple locomotive cylinder is present except speeds 
below 40 and above 280 r. p. m., and lengths of cut-off over 50%. 

The conditions mentioned were not obtained for the following rea- 
sons: Speeds below 40 r. p. m., which were made in general at the 
limit of adhesion, were not attempted because of the very uneven rota- 
tional speed which caused slipping. This was due to lack of sufficient 
flywheel inertia effect, this effect being present on the test plant and not 
on the road because on the road the whole mass of the locomotive and 
train caused the wheels to revolve at a uniform rate. The torque exerted 
by the brakes attached to the supporting wheels was fairly uniform, and 
the speeding up and slowing down of the drivers during parts of a rev- 
olution caused slipping, thereby necessitating the regrinding of the sur- 
face of the supporting wheels. 

Lengths of cut-off exceeding 50% were not attempted because of the 
danger of slipping, as the coefficient of adhesion of the driving wheels 
upon the supporting wheels of test plants is far less than the coefficient 
for clean dry rails. 

Speeds exceeding 280 r. p. m. were obtained, but the effect of the in- 
ertia of the indicator pencil motion at speeds of 320 r. p. m. and over, 
distorted the expansion curves so greatly that good values of n could 
not be obtained from them. 

In determining the curve to represent the general relations of x, and 
n shown in Fig. 8, several factors must be examined. It will be seen 
that as 55% of the tests were from one locomotive and if each test 
were given equal weight, then this locomotive, although the smallest one 
tested, would govern over one-half of the evidence on which the rela- 
tions for all locomotives would be founded. The tests run on each lo- 
comotive were numerous enough that the average value of x, and n 
for each one could be closely determined for its entire range of action. 
As the locomotives tested represented practically all of the typical de- 
signs of simple engines in modern use as to size, pressure, and valves, 
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it was decided to locate the “center of gravity” of the tests for each lo- 
comotive and to give equal weight to the tests from each. 

The center of gravity, or average value of the values of x, and n 
for each locomotive was obtained by averaging the co-ordinates of %c 
and n, and plotting the result as a cross through the same kind of point 
which was used to represent the tests of each locomotive. 

After the center of gravity of the tests of each locomotive was ob- 
tained, the location of the center of gravity for all the locomotives was 
determined in a similar manner by using the centers found for each one, 
the center for all tests being plotted as a large cross in Fig. 3. 
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A straight line was then drawn through the center of gravity of the 
tests of all locomotives, and was made to pass through the center of 
the tests of locomotive No. 3395. 

A straight line was used from the following considerations: Pre- 
vious experience’ with the relations of x, and n in Corliss engines had 
shown that the relation is a natural straight line for any one engine, 
and that the relations of other engines of the same class might differ 
a small amount as to the exact values obtained but that the slope of the 
line obtained was substantially the same. The relation of x, and n 


1 Bulletin No. 58, p. 12. Engineering Experiment Station. 
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for adiabatic expansion as developed in Bulletin No. 58, is also a 
straight line having a different slope. 

The line as drawn also represents the centers of the tests of all the 
locomotives with an average deviation of 2.4%, measured from the zero 
value of w-. The average deviation of the points above the curve is about 
the same as that of the points below the curve. 

The center of gravity of all tests is shown by a concentric circle 
which is 2.4% higher than the curve, due to the fact that the Purdue 
locomotive has 55% of all the tests, and is the highest point in distance 
measured above the line. 

The points shown which are drawn with a circle around them were 
not considered in drawing the line, as they were undoubtedly subject to 
certain inconsistencies in testing, the exact causes of which have not 
been determined. 

The equation of the line selected is x7, = 1.620 n—0.909. This 
equation expresses the results of all tests (except the five encircled 
points) to an average deviation of 5%, regardless of sign, and to a 
normal maximum deviation of about 9%. 

It must be remembered, however, that all the errors of very short 
boiler tests are present and their effect is included in the values of x, 
which have been found. For this reason it is believed that the errors 
given are considerably larger than the true ones, and that the line given 
represents the true value of x, for a given value of n much more closely 
than appears from the errors given. 

The points plotted in Fig. 3, of which the average condition is rep- 
resented by the line drawn, were examined for the effect on the value 
of x,, for constant values of n, of varying the speed, cut-off pressure, 
- back pressure, size of cylinder, the type of valves used as regards leakage, 
the use of saturated and superheated steam, and the length of cut-off. The 
seven variables given comprise all of the variables present in the tests of 
the six engines examined and also in each engine under different condi- 
tions of construction and of operation. 

11. Effect on the Relations of x, and n of Varying the Speed.— 
In locomotive service the speed of engines under sustained conditions of 
operation varies from about 40 up to perhaps 320 r. p. m., the latter 
speed corresponding to a piston speed of 1500 ft. per min. for a 28 in. 
stroke of the piston. 

In stationary practice the speed of engines having the same length 
of stroke or longer is between 60 and 150 r. p. m., thus having a 
range of speed of only 90 r. p. m. between limits. Locomotive engines, 
however, have a range of speed of about 280 r. p. m. between limits, 
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showing that the range is three times that of stationary engines of 
equivalent size or power. It may be expected, therefore, that varying 
the speed would affect in some degree the relations of x, and n for loco- 
motive engines. 

The method employed to examine the effect of change of speed upon 
the relations of x, and n is illustrated in Fig. 4, which is derived from 
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Fig. 2. Fig. 2 gives the points derived from all tests of the Purdue 
locomotive run at 200 lb. boiler pressure. The center of gravity of 
each group of tests run at one speed was obtained and was plotted as a 
cross through a point representing the speed examined. The full line 
representing the average relation for all locomotives is drawn as shown. 
Through the center of gravity for each speed a line was drawn, parallel 
to the full line, to the intersection of the line nm = 1.000. The point of 
intersection therefore gives the value of 2-, for the constant value of 
nm=1.000, at the speed examined. The points of intersection thus 
obtained were plotted in Fig. 4, and are represented by the triangles. 
Points obtained from the tests at other pressures were also plotted in 
Fig. 4. This figure represents the relation of x, and speed at the value 
of nm = 1.000 for the series of pressures used. 

It is evident from the points plotted in Fig. 4 that there is a definite 
tendency for a high value of x, to be obtained as the speed increases, 
the value of n remaining the same. 
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The process just described was repeated for the tests of all the loco- 
motives and, together with the centers of gravity of the Purdue tests, 
was plotted in Fig. 5. A group of points was obtained which like Fig. 4 
showed that the average effect of increasing the speed was to increase 
the value of x,, for constant values of n. 

To represent the average effect of change of speed upon 2, the points 
were divided into two groups and the center of gravity of each one was 
found as indicated by the crosses; a line was then drawn through the two 
centers as shown. The average deviation of the points irrespective of 
sign is 3.2% (measured from the zero of x,), each point being weighted 
in proportion to the number of tests it represented, except the Purdue 
tests, which were rated at 4 tests each. 

From Fig. 3 it is seen that the line crosses the value n = 1.000 at 
%_=0.711. On drawing the line x, = 0.711 in Fig. 5 it is found to 
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intersect the line representing the relations of x, and speed at 148 r. p. m. 
This intersection indicates that the average relation of x, and n rep- 
resented by the line x, 1.620 n— 0.909 is true for a speed of between 
140 and 150 r. p. m. It also indicates: (1) That the average points 
obtained at speeds below 140 r. p. m. fall below the line; (2) That the 
average points obtained at speeds above 150 r. p. m. fall above the line; 
(3) That by making corrections for the speed at which the indicator 
diagrams were obtained, the average deviation resulting from determin- 
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ing the value of x, by the equations given is lowered from 5.0% to 3.2%. 

The equation x, = 1.620 n — 0.909 was modified therefore by adding 
a corrective term for speed which expresses the relation of #- and speed 
shown in Fig. 5. The modified equation is 

Le = 1.620 n — 0.909 — 0.00037 (143 — S) 
where S = speed in r. p. m. 

The corrective term drops out at 143 r. p. m., it lowers the value 
of x, for speeds below 148 r. p. m., and raises the value of x, for higher 
speeds. 

The causes which operate to produce the effect upon the value of x- 
due to change of speed are discussed in Section IV. 

12. Effect of Varying the Cut-off Pressure —The effect on the value 
of x, due to variation of the cut-off pressure of the diagram, speed 
and n being constant, was first observed from the Purdue tests, which 
include a wide range of cut-off pressures resulting from boiler pressures 
varying from 120 to 240 lb. 

The points used were plotted in Fig. 6 and were obtained from Fig. 4 
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as follows, the example being taken from the tests at 20 miles per hour; 
the cut-off pressures for the tests run at 220 lb. pressure and at the speed 
of 97.5 r. p. m. (20 miles per hour) were averaged and found to be 
176 lb. absolute; hence for n—1.000 and speed S=97.5 r. p. m., 
the value of x, obtained is 0.704. In a similar manner the tests at 
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200 lb. pressure gave an average cut-off pressure of 157 lb. absolute and 
a value of 0.707 for z,. This procedure gave the relation of zx, and 
cut-off pressure at the constant speed of 97.5 r. p. m. and n = 1.000. 

In like manner the points for the other speeds were plotted in 
Fig. 6, thus giving the relation desired for a series of constant speeds. 
The points obtained were divided into four groups of six points each 
and the center of gravity of each group found as indicated. The 
centers were joined by a smooth curve. The curve as drawn indicated 
that the value of x, at constant values of S§ and n reached an average 
maximum value for a cut-off pressure of about 105 Ib. absolute, and 
that above 125 lb. a straight line was obtained. 

It appears therefore that as the cut-off pressure increases the value 
of x, decreases for constant values of S and n. 

The effect on the relations of x, and n, due to change of cut-off 
pressure, was compared with the same effect found in the previous 
testst on a Corliss engine and the relations for this engine for the value 
of m = 1.052 and the speed of 120 r. p. m. was drawn dotted as shown. 

The result of this comparison is a striking corroboration of the 
curve as drawn. The curves are almost exactly parallel in the range 
common to both. Both have a maximum point only 5 lb. apart, and 
both have about the same slope for pressures above 120 lb. The form 
of the curve representing the effect of cut-off pressure is thus fairly 
well established. 

The points in Fig. 5 were examined for the effect of cut-off pressure 
in a way similar to that described for the Purdue tests, and the results 
are given in Fig. 7. The centers of gravity obtained in Fig. 6 were 
transferred to Fig. 7 to represent the Purdue tests. 

The points of Fig. 7 give the average relation for all locomotives 
of x, and cut-off pressure for a series of constant speeds and for 
n==1.000. The group of points obtained shows the same trend as 
the Purdue tests although the vertical displacement due to speed is 
present and makes the relation somewhat indefinite. 

It was assumed that the Purdue tests shown in Fig. 6, because of 
their large range of cut-off pressures and similarity to previous rela- 
tions, represented the form of the curve, but was placed too high on the 
plot to represent the average relation for all locomotives. Therefore 
the center of gravity of all the points of Fig. 7 was found and a curve 
drawn through this center similar in form to the Purdue relation. 

Tt is seen from Fig. 7 that the range of cut-off pressures in simple 
locomotives is between 120 and 180 lb. absolute, while the majority lie 


1 Bulletin No. 58, p.15, Engineering Experiment Station. Journal A.S. M.E., April, 1912, p. 550. 
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between 130 to 160 lb. The average cut-off is about 145 lb., this point 
being close to the average value of x» 0.711 for n = 1.000 given in 
Fig. 3. 

Tt is also evident that the difference in the value of 2, for the 
average cut-off, 145 lb., to an average high value, 165 lb., is only 1.6%, 
while to an average low value, 125 lb., it is only 1.38%. 

The effect of varying the cut-off pressure on the relation of z- 
and n is so small of itself, and so much smaller than the effect due to 
change of speed, that it need not be considered. 

13. Effect of Varying the Size of Cylinders—The size of the 
cylinders varied from 16 in. x 24 in. up to 27 in. x 28 in., the latter 
having a displacement of 3.25 times the smaller one. No effect on the 
relation of x, and n was found that could be traced to any change of 
size of the cylinders. 

In applying the n — x, method to stationary engines, as noted in 
Bulletin No. 58, the sizes varied from 10.5 in. x 12 in. up to 34.2 in. x 
60 in., the latter having 53.5 times the displacement of the former. 
No effect in the relation of x, and n was found from this cause. 

14. Effect of Various Types of Valves.——The locomotive engines 
tested were equipped with plain balanced D slide valves, balanced 
double-ported slide valves, and piston valves. It was thought that there 
might be some difference in the apparent relations of x- and n due to 
the different types of valves allowing steam to leak at different rates 
from the steam chest direct to the exhaust passage. 

The results indicate that the locomotive having the least apparent 
valve leakage had balanced D slide valves as did also the one having 
the greatest valve leakage. The results of the two piston valves tested 
indicate that they both leaked apparently at a rate intermediate between 
the two extreme cases, their rate of leakage being close to the average 
for all valves. None of the valves tested leaked materially into or 
out from the cylinder. 

The probable leakage occurring through the valves is discussed in 
Section IV. 

15. Effect of the Use of Superheated and of Saturated Steam.— 
The use of superheated steam in cylinders in place of saturated steam 
results in a higher value of x, for the same conditions of speed and 
cut-off. The higher value of 2, which is obtained results, in turn, in a 
higher value of n. When the same value of a, is obtained at the same 
speed with either saturated or superheated steam, the same value of n 
has been found to result. 
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16. Effect of Varying the Length of Cut-off—The length of cut-off 
used in the tests varied from 12% to 50%. It has been found that, 
other conditions being the same, if a given value of «xz occurs in one test 
at 12% cut-off, and in another test on the same locomotive at 46% 
cut-off, the value of n resulting is the same, showing that the length 
of cut-off has no measurable effect on the relation of x, and n. 
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17. Effect of Varying the Back Pressure.—The back pressure of 
the steam in the cylinders varied from 15 to 36 lb. absolute, a range 
of 21 lb. Varying the back pressure between these limits appears to 
have no effect on the relation of x, and n. 

When the back pressure is as high as 100 lb. absolute, however, as 
in the high pressure cylinders of compound engines, the relation of a 
and n is changed considerably, other conditions being the same. 


III. AppiicaTIoNn oF THE n — 2%- Metruop to Comrounp LocomoTIvEs 


18. Operating Conditions and Methods of Application to Tests.— 
The same general test conditions prevailed for the compound loco- 
motives as for the simple locomotives. 

The method of selecting a set of indicator diagrams to represent 
the average conditions of a test was as follows: The average power of 
the test was represented by a combined sum made up of the sum of 
the values of the mean effective pressures for the low pressure cylinders, 
after each was multiplied by the value of the cylinder ratio, plus the 
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sum of the values of the mean effective pressures for the high pressure 
cylinders. The set chosen, taken at the same reading, was one in which 
this combined sum was nearest to the sum of the test averages obtained 
in the same manner, and in which the boiler pressure was not more than 
4 lb. from the average pressure prevailing during the test. The method 
of selection used eliminates any unequal division or work in the cylinders. 
The desired condition was, in most cases, fulfilled to within an average 
of 14 of 1% of the mean condition. 

For the purpose of obtaining reliable and accurate results the follow- 
ing conditions, in addition to those mentioned on page 9, were imposed: 

(1) Expansion lines showing extreme effects of inertia or sticky 
indicator pistons were not used, as fair values of n could not be obtained. 

(2) The range of pressure from cut-off to release during expansion 
exceeded 12 lb. for low pressure indicator diagrams and 60 lb. for high 
pressure diagrams in order to provide a sufficient length of curve to be 
able accurately to determine the value of n. 

The tests rejected for the reasons outlined above and those given 
on page 9 amounted to 10% of the total number available. 

For the purposes of this investigation the high pressure and low 
pressure indicator diagrams were treated as separate tests, each receiv- 
ing, however, the same weight of steam per revolution from the boiler. 

19. Relations of x, and n for Compound Locomotives.—Indicator 
diagrams from six typical compound locomotives were examined to 
determine the relations of x, and n. Data were obtained as to the effect 
on the n— <2, relation of change of speed, cut-off and back pressure, 
the use of saturated and superheated steam, the type of valves employed, 
and the effect of various rates of leakage of steam from the steam chest 
directly under the valves to the exhaust passage without this steam 
having entered the cylinder. This class of leakage in subsequent dis- 
cussion will be called simply valve leakage. 

The conditions existing during the tests varied between wide limits. 
The speeds varied from 40 to 320 r. p.m. The boiler pressures varied 
from 200 to 225 lb. The pressure in the receivers between the high and 
low pressure cylinders varied from 25 to 95 Ib. gage. The back pressure 
in the low pressure cylinders varied from 1 to 20 lb. above the atmos- 
phere. The cut-off varied from 25% to 65% of the length of the stroke. 
The valves used included plain, balanced, and balanced double-ported 
slide valves, plain piston valves, and special piston valves controlling 
the steam distribution to both high and low pressure cylinders. The re- 
ceiver capacity varied from 0.4 to 2.2 times the displacement of the low 
pressure cylinders. The size of the high pressure cylinders varied 
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from 14.16 in. x 23.65 in. to 23 x 32 in.; the low pressure cylinders 
varied from 22 in. x 23.65 in. to 35 in. x 82 in. 

A total of 52 high pressure and 53 low pressure tests are presented. 
For very serious inconsistencies, due apparently to excessive valve leak- 
age amounting to as high as 18.5% of the total steam used, all tests of 
locomotive No. 929 and all low pressure tests of No. 535 were not used 
to obtain the general relation of x, and n. An analysis of the tests of 
these locomotives in comparison with the other tests is given in 
Section IV. After deducting the tests not used, there remained a total 
of 43 tests from the high pressure cylinders of five locomotives and 34 
tests from the low pressure cylinders of four locomotives. 

The general classification of the locomotives tested and the number 
of tests analyzed for each one are given in Table 2. The principal 
dimensions of the six locomotives are given in Appendix II. 

The general logs of the 105 tests are given in Tables 11-16 in 
Appendix II. Only those quantities are given which relate to the 
water fed and to the values of x; and n. 

20. Relations of x, and n for High Pressure Cylinders—The 
values of x, and n for all high pressure tests are plotted in Fig. 8. 

The values obtained exhibit a much larger variation in position 
than those obtained from the simple locomotives in Fig. 3. The large 
variation obtained was found to be due to the addition of an important 
variable not present in the simple locomotives, namely, widely varying 
back pressures in the cylinders due to the varying receiver pressures em- 
ployed in the different locomotives tested. 

The center of gravity of the tests of each locomotive, the center of 
all tests, and the center obtained from the centers for each locomotive 
were all obtained in a manner similar to that fully described on page 13. 
The center of tests for No. 929 was plotted, but was not used. It is 
the point shown encircled in Fig. 8. 

Unfortunately the range in the values of x, obtained was so small 
relatively that a definite slope for a line to represent the average rela- 
tions for all tests could not be obtained. It was decided, however, in 
the light of previous experience that the relations for the high pressure 
cylinders of locomotives possessed a slope similar to that obtained from 
simple locomotives, as the same general design and conditions prevail 
for both types. 

A line was drawn, therefore, as shown in Fig. 8, to represent 
the average relation obtained from the high pressure cylinders of typical 
compound locomotives. The equation of this line is 

tp = 1,620 n— 0,827, 
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The average deviation of all points from this line is 8.0%, while 
the normal maximum deviation is 12.0%. 

The crosses representing the center of the tests for each locomotive 
are located at distances varying considerably from the average line due 
to varying back pressures for the same cut-off pressures and also to 
varying rates of valve leakage. The effect of both of these variables 
is treated later. 

21. Effect of Varying the Speed—tThe effect of varying the speed 
on the relations of x, and n was investigated by the same general method 
as that employed for simple locomotives, except that, in order to elimi- 
nate the vertical displacement of the center representing all the tests 
for each locomotive, the values of x, for this center were each corrected 
to the average line in Fig. 8. 

The points obtained are plotted in Fig. 9. The method of correcting 
for vertical displacement of the center for the tests of each locomotive 
is as follows: A line was passed through this center parallel to the 
average line for all tests and extended to the intersection with the value 
of n= 1.000; the value of x, at the intersection was read off; the 
amount in the value of x, that the center was above or below the line 
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was subtracted or added respectively to all readings for the intersec- 
tions of the lines passed through the center of tests at each speed. 
Thus if a center for the tests of one locomotive was located 0.06 in the 
value of x- above the line, the value of 0.06 was subtracted from the 
value at the intersection of each speed center at the value of n — 1.000. 

The average effect of change of speed was determined as the straight 
line in Fig. 9. The average deviation of the points from the line 
is 3.4%. The result of accounting for the effect of speed on the equa- 
tion expressing the relations of x, and n is as follows: 

Le = 1.620 n — 0.827 — 0.00034 (150 — 8) 
where S=speed of engine in r. p. m. 

The speed effect obtained is very similar to the same effect for simple 
locomotives, but with a slightly different slope. 

22. Effect of Varying the Range of Pressure—It was found that 
other conditions remaining the same, raising the back pressure in the 
high pressure cylinder increased the value of x, for the same value of n. 
It was also found that lowering the cut-off pressure, the back pressure 
remaining the same, had the same effect, though to a smaller degree. 
This last effect is corroborated by the same effect observed in the rela- 
tions of x, and n for simple cylinders given in Fig. 7. 

Since the effects of raising the back pressure and of lowering the 
cut-off pressure each change the value of x, in the same direction, they 
are cumulative and can be combined as the range of pressure from 
cut-off to the average back pressure. It was also found after careful 
examination that this range of pressure was the best measure of the 
observed effects for both the high and low pressure cylinders. 

The back pressure in the high pressure cylinders is taken from the 
indicator diagrams as the average pressure at mid-stroke when the re- 
ceiver capacity is large and the back pressure is therefore fairly uni- 
form. When the receiver capacity is relatively small and the back pres- 
sure therefore is extremly variable, it is obtained from the diagrams at a 
point near the beginning of compression. 

For the purpose of ascertaining the effect of varying the range of 
pressure on the relation of x, and n, the effect due to change of speed 
was removed from the values of x, obtained from the intersection of 
the line extended from the center of tests at one speed. 

To show the effect desired the points obtained are plotted in Fig. 10. 
The corrections made for the effect of speed were obtained from Fig. 9. 
The method used was as follows: The average speed of all the tests of 
one locomotive was found and the value of w- read off from the line 
in Fig. 9 for this speed; the correction for speeds below the average 
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was made by adding to the value of x, obtained, the difference between 
the value of x, taken from the line at this speed, and the value of a, 
found for the average speed; the correction for speeds above the average 
was made by subtracting in a similar manner the difference obtained. 
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Fig. 9. RELATIONS OF Le AND SPEED FoR HicH PRessURE CYLINDERS OF CoMPOUND 
Locomotives FOR Constant VALUE OF n=1.000, AND roR CENTER OF TESTS 
CoRRECTED TO AVERAGE |LINE. 

For example, if the average speed for the tests of one of the loco- 
motives is 160 r. p. m., the average value of wv, at n= 1.000 from 
Fig. 9 is 0.796. If the center of tests at 80 r. p. m. be considered, the 
average value of a, at 80 r. p. m. from Fig 9 is 0.769, being lower than 
the value of x, at 160 r. p. m. by 0.027. The value of ae from the center 
of tests at 80 r. p. m., after being increased by 0.027 to eliminate the 
average effect of speed, would be plotted in Fig. 10. 

In examining the effect under consideration it is apparent that the 
relations of x, and n for simple cylinders and for the high pressure 
cylinders of compound locomotives differ only in the effect produced 
by different ranges of. pressures; that is, if the back pressure in the 
high pressure cylinder were lowered to about atmospheric pressure, 
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this cylinder would operate, under the same conditions, as a simple 
cylinder and would therefore have the same relations of x, and n. 
The effect of range of pressure for high pressure cylinders and for 
simple cylinders is, therefore, a continuous one. . 
The centers of all tests of each locomotive, the centers of tests at 
each speed for each locomotive, and two concentric circles and a cross 
representing the average relation for all simple locomotives are plotted 
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in Fig. 10. The center of all high pressure points plotted was obtained 
and is plotted as a cross. 

A line passing through the center of high pressure tests and the 
center of simple tests was drawn to represent the average effect of range 
of pressure on the relation of x, and n. 

The equation after correcting for the average effect of range of 
pressure takes the form 

L_ = 1.620 n — 0.827 — 0.00034 (150 — 8) + 0.0031 (102.5 — R) 
where R — range of pressure from cut-off to the back pressure in lb. 
per sq. in. 

The average value of x; is obtained at 102.5 lb. range of pressure. 
The value of zx, is higher for ranges of pressure below 102.5 lb., and 
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lower for ranges above 102.5 lb. The average deviation of the points 
from the line is 6.2%. This large deviation apparently shows the 
effects of varying rates of valve leakage as explained in Section IV. 

_ 28. Relations of x, and n for Low Pressure Cylinders.—The 
methods employed to obtain the general relations of x, and n for low 
pressure cylinders, and the effect on this relation of change of speed 
and range of pressure, were similar in all respects to the methods de- 
scribed for the high pressure cylinders. 

The values of x, and n obtained are all plotted in Fig. 11. The val- 
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ues obtained from locomotives No. 929 and No. 535 were not used on ac- 
count of excessive valve leakage. 

The line shown in Fig. 11 was drawn as outlined for the high 
pressure cylinders, using the same slope as the line obtained for the 
simple cylinders. The equation of the line is 

Le = 1.620 n — 0.8383. 
The average deviation of all the points from this line is 7.8%. 

24. Lffect of Varying the Speed.—The points obtained which show 
the effect of varying the speed on the relation of 2, and n are plotted 
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in Fig. 12. The equation after correcting for the effect of change of 
speed is 

Le=1.620 n—0.833—0.00069 (154—S) 
The average deviation of the points from this line is 4.5%. 

25. Effect of Varying the Range of Pressure-—The points obtained 
which show the effect on the relation of x- and n of changing the range 
of pressure are plotted in Fig. 10. The equation as further modified 
by this effect is 

te = 1.620 n — 0.833 — 0.00069 (154— S$) + 0.0047 (30 — R) 
The average deviation of the points from this line is 3.3%. 

This extremely close agreement shows that the effects of varying 
the speed and range of pressure comprise all the important variables. 


IV. Awatysis OF THE n —%- RELATIONS 
26. Causes Which Affect the n— x, Relations.—The data which 
have been presented in the preceding pages will here be examined 
critically as to the causes which affect the relation of x and n due to 
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varying the range of pressure from cut-off to the back pressure and to 
varying the speed of the engine. These two variables are the only ones 
which cause an appreciable effect on the n — z¢ relation for locomotive 
engines. 

It is well here to consider and compare the operating conditions of 
pressure and speed obtaining in stationary and in simple locomotive 
ergines. 

The boiler pressure of simple locomotives is always closely constant. 
The great majority have pressures of about 200 Ib. gage, although the 
newer designs using highly superheated steam employ pressures of 
from 165 to 190 lb. gage. Pressures of from 200 to 230 lb. are em- 
ployed in compound locomotives. The pressure used in stationary 
engines varies from 80 to 200 lb. gage. 

The speed of locomotive engines in sustained operation varies from 
about 40 to 320 r. p. m. The speed of simple stationary engines of 
equal power varies from 60 to 150 r. p. m. 

Relatively speaking, therefore, simple locomotive engines may be 
classed as constant pressure and variable speed; while compound loco- 
motive engines may be classed as variable pressure and variable speed. 
Simple and compound stationary engines, however, may be classed as 
constant speed and variable pressure types. 

From this classificatiou it is apparent that the effects on the n — a, 
relation to be considered are as follows: 

(1) In simple and compound stationary engines the effect of range 
of pressure is important while speed may be neglected. 

(2) In simple locomotive engines the effect of speed is important 
while range of pressure may be neglected. (See Fig. 6 and 7.) 

(3) In compound locomotive engines the effects of both range of 
pressure and speed are important. (See Fig. 9, 10, 12.) 

The valves of a locomotive engine, when compared with stationary 
engines of the same size, are extremely large in proportion to the size 
of the cylinder. This is due to the high speeds which it is necessary 
to employ in order to obtain large specific capacities from the cylinders. 
As much as 2500 indicated horse power has been obtained continuously 
from two 27 in. x 28 in. cylinders. (See tests of No. 3395.) The 
piston valves of this locomotive are 16 in. in diameter. 

If it be true as stated by various experimenters that single valves 
as a class leak steam directly under the valve from the steam chest to 
the exhaust passage, without this steam having entered the cylinder, 
then locomotive engines with their large valves might be expected seri- 
ously to show the effects of valve leakage at low speeds. 
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In Corliss and four valve engines any steam that leaks from the 
steam chest through the valves must leak into the cylinders. 

27. Effect on the Relations of xe and n of Varying the Range of 
Pressure.—The effect of lowering the range of pressure from cut-off 
‘to the back pressure is always to give smaller values of n for the same 
value of a, other conditions remaining the same. This result is due 
to the following reasons: For a given value of x, the value of n is the 
result of the volumes obtained by adiabatic expansion of the steam 
and water present plus an increase of volume of steam due to the return 
of heat from the cylinder walls and the consequent re-evaporation of 
part of the water condensed during admission. The rate of re-evapora- 
tion is controlled by the range of temperature due to the range of 
pressure, and it is greater or less according as the range of pressure 
decreases or increases respectively. 

The effect of the range of pressure upon the n — z- relations for 
simple locomotives is small, as will be seen in Fig. 6 and 7; it is larger 
for the high pressure cylinders of compound locomotives, as is shown 
in Fig. 10; it is still larger for low pressure cylinders, as is also shown 
in Fig. 10. The slopes of the lines in these figures are 0.12, 0.76, and 
1.17 respectively, showing the increasing effect of this variable as the 
range of pressure decreases. 

28. Effect on the n—2_ Relations of Varywng the Speed.—The 
effect on the relations of x, and n of increasing the speed is to give 
higher values of 2x, for the same value of n, other conditions remaining 
the same. 

The relations of x, and n for Corliss engines did not show any 
definite increase in the value of x, for speeds of from 90 to 150 r. p. m. 

The effect on the value of x, due to increase of speed is well shown 
for the relations of the Purdue locomotive in Fig. 4. In this figure 
it is seen that the average value of x- increased from 0.735 at 100 r. p. m. 
to 0.756 at 240 r. p. m., a change in value of 0.021. 

The average effect due to changes of speed for all simple locomotives, 
shown in Fig. 5, is from 0.695 at 100 r. p. m. to 0.747 at 240 r. p. m., 
an increase of 0.52, which is 25 times the increase found for the Purdue 
locomotive. 

It is apparent that the center of all tests of the Purdue locomotive, 
which showed the least increase of x, for increase of speed, is relatively 
the highest center plotted in Fig. 8. It will be seen also from Fig. 5 
that the points of No. 1499 show the largest increase of x- for increase 
of speed, and that its center of tests plotted in Fig. 3 is relatively the 
lowest. 
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The only phenomenon which accounts consistently for the observed 
effects due to speed is valve leakage. By valve leakage is meant the 
leakage of steam directly through the valves without its having entered 
the cylinder. 

As has been stated, locomotives are peculiarly open to valve leakage 
at low and moderate speeds because of their relatively large valves and 
the use of very high pressures. The large valves expose a large surface 
through which steam may leak while the high pressures employed tend 
to increase the leakage to much larger amounts than those found in low 
pressure stationary engines with small valves. The experiments’ which 
have been made on valve leakage show that the leakage is proportional, 
in a given engine, to the outside perimeter of the valve seat between 
the steam chest and the exhaust passage and also to the difference of 
pressure between these two regions. Warying the speed of operating 
the valves was found to have no effect on the amount of leakage. It 
was found also that although a valve might be perfectly tight while at 
rest yet it would leak a large amount when in motion, due to the break- 
ing up of the oil film and to condensation and re-evaporation from the 
bridges and surfaces of the valve seat after they had been exposed first 
to steam at the initial pressure and then to the exhaust pressure. 

Since valve leakage is proportional only to the perimeter of the 
valve seat and to the difference of pressure, it would, therefore, be a 
constant weight per unit of time for any one engine. Hence it follows, 
as valve leakage is constant per unit of time, that increasing the speed 
of the engine and thus using more steam in the cylinders would lessen 
the effect of valve leakage, measured as the per cent. of the total steam 
used. For example, if an engine running 50 r. p. m. leaks 500 ib. of 
steam per hour through its valve while receiving 4500 lb. per hour in 
the cylinder, the leakage is 10% of the total steam supplied; on the 
other hand, if it runs 150 r. p. m. and uses therefore three times the 
steam in the cylinders, 13,500 lb., then the valve leakage is only 3.6% 
of the total steam supplied. 

All the evidence at hand shows that the existence of valve leakage 
and its relatively diminishing amount with increase of speed are the 
only conditions which account satisfactorily for the observed facts as 
shown in Fig. 4, 5,9, and 12. That is, it is probable that there is very 
little if any effect on the n—z, relations of. varying the speed, but the 
existence of leakage and its increasing relative amount when speeds are 
decreased lead to an apparent value of x, which is lower than the real 


value for the steam actually admitted to the cylinders. It is also 


1 Leakage through a Piston Valve, by George Mitchell, Power, Oct. 11, 1910, p. 
Callender and Nicholson’s Experiments on Valve Leakage. poe Rede 
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probable that the value of 2, for engines having the larger values of 
valve leakage would increase faster with increase of speed than engines 
having very small leakage, because the increase of speed would increase 
the apparent value of xz, at a much faster rate. This condition is 
exactly the one which occurs, as is shown in Fig. 3, 4, 5, 9, and 12. 

The slope of the line representing the effect of varying the speed 
for any one locomotive is apparently the best index as to the amount of 
valve leakage which exists. 

It is probable that the relative location of the centers of tests in 
Fig. 3 is also a reliable index to the amount of valve leakage. The 
line drawn in Fig. 3 represents the average relation of the apparent 
value of x, and the value of n. If a center of the tests for one loco- 
motive lies above this line, then it apparently has a higher average 
value of x, for the same value of 1; the reverse is true if the center lies 
below the line. Since the effect of any leakage that may take place is 
to decrease the value of x, for a given value of n, then the greater the 
leakage the lower would be the value of x. 

The most striking case of the effects which have been described is 
found in the tests of No. 929, having tandem compound cylinders. 
The cylinders of No. 929 were almost exactly the same size as those 
of No. 585, yet, at the same speeds, cut-offs, and pressures the steam 
consumption of No. 929 averaged 19.6% more than that of No. 585. 
As the conditions of the tests of these two locomotives were almost 
exactly similar, they should have had practically the same steam con- 
sumption. It is, therefore, almost absolutely certain that a large pro- 
portion of the steam delivered by the boiler of No. 929 never entered 
its high and low pressure cylinders, where it could be used in producing 
power, but that it leaked directly through the valves. The effect of 
any such leakage was charged to the value of x, which was obtained, 
and this value in consequence appears to be very much smaller than 
the values obtained from any of the other compound locomotives, al- 
though all of them except the No. 585 had much smaller cylinders. 
For instance, in the high pressure cylinders the average value of a 
obtained for the No. 929 is 0.662, while the average value of x, for all 
other compounds is over 0.80. The same condition holds for the low 
pressure cylinders, although to a lesser degree. 

In the light of the facts which have been presented and also from 
previous experience it is practically certain that the values of n obtained | 
for the No. 929 are accompanied by values of 2, for the steam actually 
present in the cylinders as shown by the line in Fig. 11. It is also 
practically certain that had no leakage occurred, the steam consump- 
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tion of the No. 929 would have been practically the same as for the 
No. 585 under the same conditions. 

It was assumed, therefore, that the value of n obtained represented 
the values of x, actually existing in the cylinders, and that the steam 
consumption of the No. 929 for the steam actually used in the cylinders 
was the same as for the No. 585. 

The average steam consumption of No. 929 was 23.8 lb. per i. h. p. 
hr., while that of No. 585 for the tests run at the same speeds was 
19.9 lb., showing that No. 929 consumed 19.6% more steam than did 
the No. 585 for the same conditions. 

The average quality of x, in the high pressure cylinders of the 
No. 929 was found to be 0.836, as computed from the values of n, S, 
and F&, using the equation given on page 29. In a similar manner the 
value of x, for the low pressure cylinders was found to be 0.817, making 
the average value of x, for both the high and low pressure cylinders, 
0.827. 

The average apparent value of x- from the tests for both high and 
low pressure cylinders was 0.674. Since this value of x, is lower than 
0.827—0.674 

0.827 
than was accounted for in the cylinders. 

The results of these computations is a striking proof that not only 
was large valve leakage taking place, but that its amount has been 
established by two independent methods, which corroborate each other 
to a marked degree of accuracy. No. 929 consumed 19.6% more steam 
than the No. 585, while from the relations of x, and n it is seen that 
18.5% more steam was used than that which was accounted for in the 
cylinders. ‘This analysis shows conclusively why the No. 929 had such 
poor economy in steam consumption when compared with all the other 
compound locomotives tested. 

An examination of the design of the valves in No. 929 was made to 
ascertain if there were any peculiar features present in these valves 
which would account for the large valve leakage. The design is shown 
in cross-section in the report of the St. Louis tests, page 390. It will 
be seen that there are two annular passages containing live steam from 
which the high pressure cylinder receives its supply. The high pressure 
valve is in effect two inside admission piston valves made in one and it 
is seen that the live steam has four possible avenues of leakage into 
the receiver as against only two in the ordinary piston valve. These 
four faces of the valve undoubtedly permit at least twice the leakage 
which occurs through an ordinary piston valve with only two faces, 


0.827, more steam to the amount = 18.5% was used 
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and they are doubtless responsible for the enormous valve leakage which 
has been shown to exist. The low pressure valve is an outside admission 
piston valve, having only two faces which would permit of leakage. The 
results show, however, that it leaked to about the same degree as the 
high pressure valve, so that its surface on the valve bushing must not 
have been in good condition or the piston rings were not yet worn to 
a good bearing. 

The only other locomotive which had valves similar in design to 
those on the high pressure cylinders of No. 929 were the low pressure 
cylinders of No. 535, shown on page 540 of the report of the St. Louis 
tests. This locomotive has one valve which controls the steam distribu- 
tion to both the high and low pressure cylinders. The portion of the 
valve serving the high pressure cylinder is in effect a simple inside 
admission piston valve, and as seen in Fig. 8 and 9 no unusual amount 
of leakage was present in the high pressure portion of the valve. The 
portion of the valve serving the low pressure cylinder is in effect two out- 
side admission piston valves with four faces subject to leakage from 
steam in the receiver direct to the two annular exhaust passages. The 
values of x, and n from the low pressure cylinders show the effects of 
very bad valve leakage at 80 r. p. m., becoming less in proportion at 160 
r. p. m. and negligible at 240 r. p.m. The effects of the large valve 
leakage at 80 r. p. m. are also apparent in the increased steam con- 
sumption! of No. 535 over that obtained in the other compound loco- 
motives. At 160 r. p. m. the effects of leakage begin to grow propor- 
tionately much less and at this and higher speeds the steam consump- 
tion decreased to the amount generally consumed by compound loco- 
motives having their valves in good condition. 

The valve leakage found for No. 929 is corroborated by the actual 
performance on the road of the class of locomotives to which No. 929 
belongs. It was learned from an independent source that when one of 
these locomotives is starting a full tonnage train, the “blow,” or leakage 
through the valves, is so great that a distinctive and continuous roar 
of leaking steam is heard. 

The analysis which has been given for the low points in Fig. 8 and 
11 shows that the variations in the vertical distance of the center of 
tests for each locomotive from the average line is almost certainly due 
to the fact that the valves of each locomotive have their own rate of 
leakage, the leakage for some valves being less than the average, while 
that of others is greater. 

The amount of valve leakage existing for a particular locomotive 


1 Locomotive Tests and Exhibits, pp. 707, 708, 710. 
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probably depends on the design and relative size of the valves, and also 
on the condition of the surfaces of the valve seats, balance rings, and 
balance plates for slide valves, and of the surfaces of the valve bushings 
and piston rings for piston valves. 

Referring to Fig. 3 the relatively high point of the Purdue loco- 
motive and its flat speed effect curve in Fig. 4 probably means that its 
valves were tighter thdn any of the others, due to its being kept in 
laboratory condition. On the other hand, the low point of No. 1499 
in Fig. 3 and its steep speed effect curve in Fig. 5 is probably due to 
the fact that this locomotive was new and had not been broken in before 
it was tested, consequently the valves had not worn to a good surface, 
and the average leakage was larger than that for any of the other simple 
locomotives tested. 

29. Values of x-.—The assumption has been made throughout this 
investigation that the steam saved in the cylinders in compression was 
always dry saturated at the beginning of compression and the values 
of x, given were computed on this basis. 

It is probable, however, in the simple locomotives, that the com- 
‘pression steam is slightly wet for engines using saturated steam and is 
superheated for engines using highly superheated steam. 

If these two conditions exist the values of x, as given are slightly 
wrong. Any error from this cause does not affect the results, however, 
if the convention of dry steam at compression is uniformly followed. 
The values of x, obtained by following this convention are comparable 
though not absolutely correct. 

30. Values of x, and n Found for Various Types of Locomotives— 
Their Use in Design.—Fig. 3, 8, and 11 show the average values of x 
and n which are obtained from typical simple and compound loco- 
motives. Where conventional indicator diagrams are laid out before the 
locomotive is built, the data show the values of n which should be used 
for the expansion curves. The value of n—1.0 still may be used for 
the compression curves without serious errors. 

The value of n for the expansion curves of locomotives using steam 
superheated 250° F. should be assumed as an average value of 1.8. 


V. Directions ror DETERMINING THE StEAM CoNnsUMPTION OF 
Locomotive ENGINES rrom THE INDICATOR Dra@RamMs 
31. Preparation of Indicator Diagrams for the Application of 
the n—2x, Method for Determining Steam Consumption.—Possibly 95% 
of the locomotives in use in the United States and Canada are of the 
type using simple cylinders. The compound locomotive, with the single 
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exception of the Mallet type, has dwindled in numbers and importance 
since the introduction of the high superheat simple locomotive. 

The directions for applying the n—x, method will therefore be 
outlined in full for the simple type, and the change in the method for 
its application to the compound type will be briefly mentioned. 

Since the n — x, method depends entirely on the indicator diagram, 
great care must be observed in taking these diagrams. The indicator 
itself must be an accurate instrument in the best possible condition. 
The indicator pipe connections must be large, short, direct, and well 
covered with heat insulating material. An extensive investigation by 
Dr. W. F. M. Gosst shows that long and indirect pipe connections 
materially alter the form and character of the expansion curves. A 
theoretically correct reducing motion, free from lost motion, must be 
used so as to reproduce the actual expansion. Very short cords for the 
indicator drum must be used to avoid cord stretch. The arrangement of 
having one indicator at each end of the cylinder is always to be pre- 
ferred if the road clearances allow it. 

It is to be remembered that the method accounts for the actual 
weight of steam and water present in one revolution only, as repre- 
sented by the set of diagrams analyzed. 

Since the method accounts for the consumption on the basis of one 
revolution, indicator diagrams for road tests must be taken at regular 
intervals of distance, perhaps 1% or 1 mile apart. The mile post can 
be used to indicate the time for taking diagrams. The rate of speed 
must be observed as each set of diagrams is taken, as the speed has an 
influence on the relations of x; and n. 

After the test is over all diagrams are integrated and the average 
horsepower obtained in the usual manner. To apply the n—a, 
method the diagrams are divided into groups of similar lengths of 
cut-off, four or more groups generally being sufficient for this purpose. 
Since the effect of speed on the n— 4; relations is a linear one, the 
average speeds may be used without error. From each group as out- 
lined above select two sets of diagrams, each taken at the same reading, 
which are nearest in area to the average area of the group and which also 
are nearest to the average speed which prevailed for the diagrams in 
the group. 

Construct logarithmic diagrams for each set as described in detail 
in Appendix I. From these diagrams the average value of n for one 
set of diagrams is determined. 

1Trans. Am. Society of M. E., Vol. 17, p. 398. 
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The relations of x, n, and S for simple locomotives are plotted in 
the chart of Fig. 18. The values of n and S are located on the chart 
and the intersection of the lines representing them is located. The 
intersection is then seen to lie between two lines of constant quality, 
or value of x, the exact value of x, being determined by interpolation. 
The value of x, found gives the quality of the steam mixture at cut-off. 
From the steam accounted for per revolution at cut-off by the indicator, 
and the value of x, found for this steam, the actual weight of steam 
and water in the cylinder is determined. The weight of dry steam 
saved per revolution in compression is determined as described in 
Appendix I. The total weight of steam and water per revolution found 
to be present, less the weight of compression steam saved per revolution, 
gives the weight of steam supplied per revolution by the boiler for 
average conditons of valve leakage. Calculations similar to those de- 
scribed but in the reverse order are given in detail in Appendix I. 
Similar calculations are also given in Bulletin 58. 

After all the sets chosen are analyzed the average consumption at 
different values of cut-off is determined on the basis of consumption in 
one revolution. 

To determine the water consumed by the engine over a given run or 
during a given time, the average steam consumption per revolution for 
each group is multiplied, first by the number of sets of diagrams in 
any one group of the different cut-off values, and second by the number 
of revolutions that the drivers have made between the taking of cards. 
In this manner, if diagrams are taken every mile, and the number of 
revolutions made by an 80 inch driver would be 252, the calculation 
described gives the total water consumed by one group. The consump- 
tion for the other groups, after being computed in the same manner, 
are all added and the total water used for the period is obtained. 

Instantaneous rates of consumption in total weight of steam per hour 
or per indicated horse power hour can be obtained from each set of 
diagrams taken. 

32. Other Applications of the n —ax, Method.—lIé it is desired to 
test an engine for valve leakage, the locomotive should be tested on a 
test plant or under road conditions where the steam used for other pur- 
poses is known. The steam used by the engines is accounted for by 
the n — «x, method, the total water fed to the boiler is measured, and 
this includes the amount used in the cylinders; the amount that leaked 
through the valves over the average leakage of the valves when in good 
condition is accounted for by the difference between the two measure- 
ments if the boiler is tight. 
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Locomotives in winter passenger service use such a large proportion 
of the steam generated by the boiler in heating the train, running the 
air pump, etc., that in combination with the increased train resistance 
in cold weather, schedules are maintained with great difficulty. It is 
practically impossible to measure the steam used in this way by any 
methods heretofore employed. 

The n — x method may be employed for this purpose by accounting 
for the difference between the total water fed to the boiler and that 
used by the engines. The difference is that which is used to heat the 
train, to operate the air-pump, head-light sets, train-lighting sets, blower 
and also that steam and water which is lost through the safety valves, 
blow-off valves, and boiler leaks. The n—2z,_ method provides the 
only means believed to exist by which these uses of steam for auxiliaries 
or that which is lost may be measured. 

33. Application of the n—«,_, Method to Compound Locomotive 
Engines._-The application of the n—2_- method to compound loco- 
motive engines differs from the method of application to simple loco- 
motive engines only in detail, because of the difference in construction. 

The total steam used by the engines may be obtained from either the 
high pressure or low pressure diagrams, as the same steam is used by 
both cylinders. If only the total steam used by the engines is desired, 
and not the quantity per indicated horse power hour, then the low 
pressure diagrams are all that are required. 

It is possible to take both the high and low pressure diagrams 
‘without difficulty when all the cylinders are located outside of the 
frames, but it is generally difficult to take diagrams from inside cylin- 
ders. 

The low pressure diagrams are better for the application of the 
nm —xX,- method than the high pressure diagrams, because of the rela- 
_tive smoothness of the expansion curves from the low pressure cylin- 
ders. Of course the method may be applied to both cylinders, the de- 
terminations then serving as a check on each other. 

One additional important variable must be considered in compound 
diagrams, namely the range of pressure from cut-off to the back pres- 
sure. 

The method can be applied to Mallet locomotives by applying the 
regular high and low pressure relations of 2, and n. Either or both 
the high pressure and low pressure diagrams may be used. 

The relations of x, n, S, and R for high pressure cylinders are 
given for compound engines on page 27, and for low pressure cylinders 
on page 29. 
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34. The Degree of Accuracy Obtained by the Use of the n—a¢ 
Method.—The steam consumption of all of the 185 tests of the six 
simple locomotives examined may be recomputed from the relations of 
%_ and n to an average difference of 3.7% from the test results. 

In the tests of the compound locomotives, the average difference for 
the high pressure tests is about 8%, and for the low pressure tests 3.8%. 

It is extremely probable that at least one fourth of the per cent. 

difference given is due to irregularities in measuring the difference 
in the height of the water in the boiler gage glass at the start and at 
the finish of the test. It must be remembered that all of the boiler 
tests were only 14 to 3 hours in length, so that an error in the gage 
glass correction means a noticeable difference in the water actually evap- 
orated. : 
If one fourth of the difference is credited to errors of the boiler 
measurements then the average differences are 2.8%, 6% and 2.9% 
for the simple cylinders, the high pressure, and low pressure cylinders 
respectively. These differences show that the n —z- method is close 
enough for all the purposes of locomotive tests. The high difference 
of the high pressure cylinders is due to the difficulty of obtaining good 
values of n because of inertia in the expansion curves, and also to vari- 
able valve leakage. 


VI. Apprication or THe LogaritHmMic Mernop to tue DeTERMINA- 
TION OF THE LEAKAGE, CLEARANCE, AND Location oF Cycric Events 
in Locomotive TzEsts 
The methods which have been developed from the logarithmic dia- 

gram for detecting leakage into or out from the cylinder, for deter- 
mining the clearance, and for closely locating the events of the cycle, 
such as cut-off, lead, etc., have been fully described in Bulletin 58 of 
the Engineering Experiment Station.1. The reader is referred to the 
previous work for the methods employed. 

35. Uses of the Method for Detecting Leakage—The method 
of detecting leakage from the logarithmic diagram may be employed 
in locomotive tests to detect piston “blows,” and valve leaks either into 
or out from the cylinder. In some cases it is possible to compute the 
amount of steam which leaked. 

36. Uses of the Method for Determining Clearance.—If the clear- 
ance of a locomotive cylinder be desired, it may be determined from 
the logarithmic diagram to within 5% to 10% of the actual clearance 
volume. 

1 Also in Journal A. S. M. E. April, 1912. 
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37. Uses of the Method for Closely Locating the Cyche Events.— 
It has been generally known that the valve gears of locomotives give 
a later cut-off at high speed than at low speed with the reverse lever 
in the same notch. This is due to the spring or lag caused by the lost 
motion of worn parts and to inertia. The Stephenson valve gear is 
the worst offender in valve gear spring due to the indirect motion which 
is necessary. 

The most accurate method of measuring the amount of this spring 
in use at present is to take valve ellipse diagrams from the valve rod. 
Experiments using this method have been carried on by the University 
of Illinois. The Pennsylvania Railroad System has attempted to 
measure the amount of this spring from the difference of cut-off as 
shown by the indicator diagrams for high and low speeds with the re- 
verse lever in the same notch. 

To show the amount of the spring of valve gears the following is 
quoted from Bulletin No. 5; Pennsylvania Railroad System, Tests of 
an EK2a Locomotive, No. 5266. The tests of this same locomotive are 
included in this investigation. 

“It is apparent that tests at different speeds, while run with the 
reverse lever in the same notch, do not have the same actual cut-off in 
the cylinders, but the cut-off point becomes later as the speed increases, 
due, probably, to a springing of the valve motion. This effect is so 
marked that the locomotive will run forward at the higher speeds with 
the reverse lever in one of the notches of the backward motion. The 
cut-off increases from 15.7% at 80 r. p. m. to 21.4% at 320 r. p. m., 
while the nominal cut-off or reverse lever notch remains the same.” 

The extremely close location of the cyclic events, cut-off, release, 
the beginning of compression, and lead obtainable from the logarith- 
mic diagram enables the study of the spring of valve gears to be car- 
ried on with only the indicator diagrams taken at various speeds with 
the same reverse lever position. 


VII. Concrustons 

The data support the following conclusions: 

(1) The actual steam consumption of simple locomotive engines 
in regular service on the road, when the valves are in good condition, 
may be determined from the indicator diagrams alone to within an 
average difference of from 3 to 4 per cent. of the consumption as meas- 
ured on test plants. 

(2) The actual steam consumption of compound locomotive en- 
gines in regular service on the road, when the valves are in good con- 
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dition, may be determined from the low pressure indicator diagrams 
alone to within an average difference of from 3 to 4 per cent. of the con- 
sumption as measured on test plants. It also may be determined from 
the high pressure diagrams to within an average difference of 6% 
from the test results. 

(8) The weight of steam lost by valve leakage in excess of that 
usual for valves in good condition may be determined by accounting 
for the difference between the steam used by the cylinders as shown 
by the n— x, method and the water fed to the boiler if the boiler is 
tight and if steam is used for no other purpose than operating the en- 
gines. 

(4) The weight of steam used for other purposes than operating 
the engines may be determined in road tests, when the valves are in 
good condition, by accounting for the difference between the steam used 
by the cylinders as shown by the n—zx, method and the water fed to 
the boiler. 
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APPENDIX I 


Tur Logarirumic Diagram 


1. Description of Logarithmic Cross-section Paper.—Logarithmic 
cross-section paper differs from rectangular cross-section paper in that 
the distances from the origin are proportional to the logarithms of 
the numbers to be plotted instead of the numbers themselves. This 
system of co-ordinates gives an uneven scale similar to that on a slide 
rule. 

The numbers of the divisions on logarithmic paper are placed op- 
posite the lines corresponding to their logarithms, as on a slide rule, 
instead of the values of the logarithms of the numbers. This fact aids 
in plotting, as the logarithms are employed without having to ascer- 
tain their values. 

The logarithmic cross-section paper used in this investigation con- 
sists of four squares arranged two each way. These squares are five 
inches each way, making the four squares together ten inches each way. 
The use of four squares enables values to be plotted ranging from 0.1 
to 10.0, 1.0 to 100.0, ete., thus giving a range of ten times the values 
obtainable if only one square were used. 

2. Construction of the Logarithmic Diagrams.—The co-ordinates 
of the indicator diagram are proportional to pressure and stroke, the 
latter being proportional to the volume displaced by the piston. The co- 
ordinates of several points on the indicator diagrams are found in terms 
of absolute pressures, preferably in pounds per square inch, and abso- 
lute volumes, preferably in cubic feet. The scale of units employed is 
not material as long as it starts at the line of zero pressure, or of zero 
volume. However, the units are more easily manipulated afterwards 
if they are the same as are used in the steam tables. 

The method of transferring the indicator diagram to the logarithmic 
form is described in detail for the diagrams of Test 110 of the Purdue 
locomotive, given in Fig. 14a, Crank End. The diagram is shown in 
outline by ABYX. Perpendiculars QR and HX are drawn to the at- 
mospheric line HQ, and pass through the extreme stroke positions of 
the diagram. The distance HQ is then the length of the diagram. OM 
is laid off perpendicular to the atmospheric line HQ (extended) which 
was drawn by the indicator pencil. OW is the line of zero volume, and 
is drawn at a distance FH from the admission end HX of the diagram, 
the distance FH being the same length in per cent. of the line HQ, or 
length of the diagram, as the proportion that the per cent. of clearance, 
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or waste space, of the cylinder bears to the piston displacement. In 
this case the length of the diagram is 3.70 inches, and the clearance is 
7.98%. The length FE is therefore 0.0798 x 3.70, or 2.95 inches. ON 
is the line of zero pressure and is drawn a distance FO below the at- 
mospherie¢ line, to the scale of the spring used in obtaining the PV-— 
diagram. This distance is proportional to the barometer reading, cor- 
rected for temperature, prevailing at the day and place of the engine 
test. In this case the corrected barometer reading is 14.7 Ib. per sq. in. 
absolute, so the distance FO is a ym0.098 in. 

From ON points are laid off on QR and EX corresponding to the 
absolute pressures at the intervals where it is desired to read off the cor- 
responding volumes. Fine lines are drawn connecting similar pressure 
points, as 40-40, 60-60, etc. The volumes G-A, F-B, H-D, G-C, etc., 
are read off in hundredths of an inch to the nearest half hundredth. 
The tabular form used in this investigation is given in Table 3 for the 
diagrams of Fig. 14a taken in Test 110 of the Purdue locomotive. 
Thus the length G—A is read off as 1.20 inches, and is given under the 
column for 40 lb. pressure headed Comp., meaning the compression 
curve for the crank end diagram. The volumes in inches are then mul- 
tiplied by the constant ratio which one inch of length of the diagram 
bears to the displacement of the piston. From Table 3 it is seen that 
the piston displacement of the crank end is 2.72 cu. ft., and the length 
of diagram 3.70 inches; hence, the ratio is 3% or 0.735 cu. ft. of 
piston displacement per inch of diagram length. The length G—A in 
cu. ft. of displacement now becomes 1.20 in. x 0.735 cu. ft. per inch, 
the volume of steam present at this point. This process is repeated at 
intervals until the co-ordinates of from ten to thirty points are de- 
termined. In the diagram shown in Fig. 14a the co-ordinates of 27 
points were found. 

The co-ordinates of P and V are then plotted on logarithmic cross- 
section paper, as shown in Fig. 14b, which are the logarithmic dia- 
grams derived from the indicator diagrams of Fig. 14a. The points 
plotted in Fig. 14b are taken from the columns headed cu. ft. at the 
pressures shown. A smooth curve is drawn through the points thus 
plotted, and the diagram is in shape to be studied. 

Tt will be seen that the expansion curve becomes a straight line in 
the logarithmic diagram, as does also the compression curve. The 
value of n, which is the slope or measure of inclination of this line to 
the horizontal, is found as follows: in Fig. 14b, from a point X on the 
expansion line draw OX parallel to the axis of log. P, and draw OY 
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parallel to the axis of log. V. The value of n is then the value of the 


ratio oe 
OX 

3. Method of Obtaining the Values of x- and n from the Diagrams. 
—The manner of computing the value of x, and n is given for Test 
110 of the Purdue locomotive, the representative indicator diagrams 
of which are given in Fig. 14a, and the logarithmic diagrams in Fig. 
14b. The results of the computations for all tests are given in Tables 
5 and 16. 

The absolute pressure of cut-off was determined from both the in- 
dicator card and Jogarithmic diagrams by inspection for each end of 
both cylinders. The cut-off pressures from the four cards were aver- 
aged and this average was used to obtain the value of x, for the test. 

The logarithmic diagrams of Test 110 of the Purdue locomotive, 
shown in Fig. 14b, are the basis of the calculations for the value of a. 
The calculations which follow are given in detail in the same form as 
they were made for all tests. 

CoMPUTATIONS FOR THE VALUES OF % AND nm FoR Test 110 oF THE 
Purpvur Locomotive 


Volumes obtained from Fig. 14d. 
Steam present at cut-off pressure of 138.0 lb. absolute. 


Volume of steam) present; rightjhead/end=.. 4...) +-- 4.046 0.666 cu. ft. 
Volume of steam present, right crank end......................... 0.603 cu. ft. 
Volume of steam present, left head end.....................2.005. 0.624 cu. ft. 
Volume of steam present, left crank end.......................... 0.617 cu. ft. 

otal rightrand Jett sides seca cone eee ee eee ee 2.510 cu. ft. 


Specific volume* of steam at 138.0 lb. absolute = 3.263 cu. ft. per lb. 
2.510 

Weight of steam present at cut-off = ——- = 0.769 lb. 
3.263 


Steam retained in compression at 15.0 lb. absolute. 


Volume of steam present; right) head end: -.........<......5..0/5 05 2.470 cu. ft. 
Volume of steam present, right crank end.....................-.005 1.893 cu. ft. 
Volume of steam present, left head end........................0005 2.018 cu. ft. 
Volume of steam present, left crank end........................06 Te Suiiecu abe 
Motalerightrand Weltisic camera eeae keer ater een ee ee 8.198 cu. ft. 
Specific volume of steam at 16.0 lb. absolute = 24.79 cu. ft. per lb. 
8.198 


Weight of steam retained in compression = 0.331 lb. 
9 


From Table 5 the weight of steam and water supplied = 6938 lb. 
Revolutions per hour = 11670 


38 
Weight of steam and water supplied per revolution = = 0.5945 lb. 
0 


* Marks and Davis Steam Tables. 
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Total weight of mixture present per revolution. 
0.5945 lb. supplied 


0.3310 lb. retained in compression 


0.9255 lb. total present 


0.769 
tc= 0.9255 ~ 0.831, or 83.1% of the total weight of mixture present as steam 
at cut-off. 
Value of n from Fig. 14b.— 
: OX | 2.975 
Right head end —- = ——- = 0.974 
OY 3.055 
; OX 2-91 
Right crank end —- = ——— = 1.048 
OMe Baten 
OX 2.875 
Left head end =—- = —— =1.005 
OY 2.86 


OX 2.975 1.062 


Left crank end —- = 


2.800 4.089 


4.089 
Average value ofn =——— = 1.022 
4.000 


When the actual cut-off pressure was less than 138.0 lb. the line of 
constant weight of steam mixture on the logarithmic diagram was ex- 
tended to this pressure, and the calculations made. 


TABLE 3 


CONSTRUCTION OF THE LoGARiITHMICc DiaGrams or Test No. 110, 
OF THE PurRDUE LOCOMOTIVE.f 


Head End Crank End 
Volumes 
No. oe Inches Cu. ft. Inches Cu. ft 
Lb. sq. in. 
Comp Exp. Comp Exp pene Pee Comp. Exp 
1 230 0.34 0.31 0.263 Ov240> Poa ieee i, eee ONS eee ay ere 
2 220 0.35 0.27 0.271 O3209' see Nl Mouéaiee 1 FR eee 
3 210 0.365 0.32 0.283 0.248 0.325 0.30 0.239 0.221 
4 200 0.38 0.41 0.294 0.317 0.335 0.38 0.246 0.278 
5 190 0.40 0.54 0.310 0.418 0.345 0.48 0.254 0.353 
6 170 0.425 0.68 0.329 0.526 0.38 0.65 0.279 0.478 
tf 150 0.455 0.795 0.352 0.615 0.405 0.76 0.298 0.559 
8 140 0.465 0.845 0.360 0.654 0.42 0.81 0.309 0.596 
9 130 0.49 0.91 0.379 0.704 0.45 0.87 0.331 0.639 
10 120 0.53 0.99 0.416 0.766 0.48 0.93 0.353 0.684 
11 100 0.655 1.20 0.507 0.929 0.56 1.125 0.412 0.827 
12 80 0.795 1.495 0.615 1.157 0.68 1.36 0.500 1.000 
13 60 1.00 2.06 0.774 1.594 0.855 1.815 0.628 1.334 
14 40 1.44 3.07 1.115 2.376 1.20 2.69 0.882 1.977 
15 30 1.83 3.33 1.417 2.577 1.55 3.18 1.139 2.337 
H. E Cr. E 
Length ofandicator GiIagram..=<0ce eee 3.62 in 3.70 in 
Ratio of clarance to Piston displacement (same end). .. 0.0744 0.0798 | 
Length of diagram propotrional to clearance ratio..... 0.269 in 0.295 in. 
Piston displacement (cylinder 16’’x24’”).............- 2.802 cu. ft 2.720 cu. ft. 
Clearanceivolume sa tei ee ec ecacroc rials 0.208 cu. ft 0.217 cu. ft. 
Ratio, cu. ft. per inch of length on diagram........... 0.774 0.735 
Scale of indicator spring per in. of ordinate........... 150 lb. 150 Ib. 


*Letters refer to Fig. 14a, crank end. {Final results given in Table 5. 
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The point of compression was selected in the following manner from 
Fig. 14) for the reasons explained fully in Bulletin 58. The straight 
line of the compression curve in the logarithmic diagram, or the line of 
constant weight of steam mixture, was prolonged dotted to the back 
pressure as shown. The intersection of the compression line, prolonged, 
with the back pressure line, extended (in this test 16 lb.), was taken as 
the volume of dry steam retained in compression. This method generally 
gives less steam retained than the ordinary method. 

Steam was found to be superheated at cut-off for practically all of 
the tests of No. 3395. The manner of measuring the value of x, for 
superheated steam at cut-off was the same as for saturated steam; that 
is, the ratio of the volume of steam present at cut-off per lb. of the total 
weight of mixture present divided by the specific volume of dry saturated 
steam at cut-off pressure. To illustrate, it will be assumed that a quality 
of 1.25 is found for a test having a cut-off pressure of 160 lb. absolute. 
The specific volume of dry saturated steam at this pressure is 2.834 
cu. ft. per Ib. The value of ze of 1.25 means that the specific volume 
per lb. of the total weight present was found to be 3.542 cu. ft. per lb. 
On examining the superheat portion of the steam tables, it is seen that 
the specific volume of 3.542 cu. ft. per lb. at 160 lb. absolute corresponds 
to steam at 152° superheat. 

The value of a, is based on the specific volume of dry saturated 
steam because the qualities obtained when the steam is superheated at 
cut-off are of the same order of magnitude as the qualities for wet steam, 
hence the curve does not “break” at a quality of 1.00. 

4, Typical Indicator and Logarithmic Diagrams from the Locomo- 
tives Tested.—Typical indicator and logarithmic diagrams from the 
right side of each of the locomotives tested are given in Fig. 14-25. The 
figures of the indicator and logarithmic diagrams from the same locomo- 
tive are numbered the same but the letters a and b are used in addition 
to the figure number for the indicator and logarithmic diagrams 
respectively. 
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Fig. 14a. REPRESENTATIVE INDICATOR DIAGRAMS FROM THE PURDUE 
Locomotive, Test No. 110. 
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Fig. 14b. REPRESENTATIVE LoGARitHMic DIAGRAMS FROM PURDUE 
Locomotive, Test No. 110. 
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Fia. 15a. REPRESENTATIVE INDICATOR DiaGRAMS FROM LocomoTiIvE 1499, 


Test No. 118. 
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Fig. 15b. RepresENTATIVE LOGARITHMIC DrAGRAMS FROM LOCOMOTIVE 1499, 
Test No. 118. 
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Fig. 16a. REPRESENTATIVE INDICATOR D1AGRAMS FROM Locomotive 734, 
Test No. 208. 
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Fig. 16b. Representative Locariramic Diacrams FROM LOocoMOTIVE 734, 
Test No. 203. 


De ILLINOIS ENGINEERING EXPERIMENT STATION 


Fig. 17a. REPRESENTATIVE INDICATOR DIAGRAMS FROM LOCOMOTIVE 5266, 
Trst No. 917. 
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Fie. 17b. Representative Locariramic D1iaGRaAMs FROM LOCOMOTIVE 5266, 
Txst No. 917. 
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Fic. 18a. Representative Inpicator Dracrams rrom Locomotive 7510, 
Test No. 1613. 
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Fic. 18b. REPRESENTATIVE LocariTHMic DIAGRAMS FROM Locomotive 7510, 
Test No. 16138. 
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Fig. 19a. REPRESENTATIVE INDICATOR DiaGRAMS FROM LOocoMOTIVE 3395, 
Trst No. 2413. 
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Fic. 19b. Representative Logaritamic Diagrams FRoM Locomotive 3395 
Test No. 2413. 
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Fig. 20a. ReprREsENTATIVE INDICATOR D1aGgRaAMS FROM HicH PRESSURE 
CYLINDER or Locomotive 585, Test No. 308. 
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Fig. 20a. RerPRESENTATIVE INDICATOR DriAGRAMS FROM Low PRESSURE 
CYLINDER OF Locomotive 585, Test No. 308. 
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Fie. 20b. RepreseNTATIVE Locariramic D1aGRaAMs FROM Locomotive 585, 
Test No. 308, 
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Fic. 21a. REPRESENTATIVE INDICATOR D1AGRAMS FROM Low PRESSURE 
CYLINDER oF Locomotive 929, Test No. 408. 


Fic. 21a. REPRESENTATIVE INDICATOR DIAGRAMS FROM HiGH PRESSURE 
CyLInDER oF Locomotive 929, Test No. 408. 
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Fic. 21b. Representative Locgariramic DraGRaMs From LOocoMOTIVE 929 
Trst No. 408. 


CLAYTON—STEAM CONSUMPTION OF LOCOMOTIVE ENGINES 57 


Fig. 22a. ReprEsENTATIVE INDICATOR Di1aGRaAMS FROM HiGH PRESSURE 
CYLINDER OF LocomoTIvE 2512, Test No. 510. 
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Fig. 22a. RePpRESENTATIVE InpIcATOR D1aGRAmMs FROM Low PRESSURE 
CYLINDER oF LocomotivE 2521, Tust No. 510. 
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Fic. 22b. Representative LocarirHmic D1acramMs FROM Locomotive 2512, 
Test No. 510. 
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Fig. 23a. REPRESENTATIVE INDICATOR DIAGRAMS FROM HiGH PRESSURE 
CyLinDER oF Locomotive 535, Test No. 603. 


Fig. 23a. REPRESENTATIVE INDICATOR DIAGRAMS FROM Low PRESSURE 
CYLINDER oF Locomotivr 535, Tust No. 603. 
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Fig. 23b. Representative Locariramic D1aGRaMS FROM LOCOMOTIVE 535, 
Test No. 603. 
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Fic. 24a. REPRESENTATIVE INDICATOR DiaGRAMS FROM HiGH PRESSURE 
CyiinpreR oF Locomotive 628, Test No. 711. 
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Fig. 24a. RepresENTATIVE INDICATOR Diagrams FROM Low PRESSURE 
CYLINDER oF Locomotive 628, Test No. 711. 
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Fic. 24b. Representative Locariramic DiacrAms FRoM Locomotive 628, 
Abiaisse INO, lille 
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REPRESENTATIVE INDICATOR Di1aAGRAMS FROM Low PRESSURE 
CYLINDER oF Locomotive 3000, Test No. 802. 
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REPRESENTATIVE INDICATOR D1aGRAMS FROM HicH PRESSURE 
CYLINDER oF Locomotive 3000, Test No. 802. 
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REPRESENTATIVE LoGaritHmic D1iaGRaMs FROM LOCOMOTIVE 3000, 
Trst No. 802. 


APPENDIX II 


Tue Txsts 
1. Principal Dimensions of the Locomotwes Tested.—The principal 


dimensions of the locomotives tested are given in Table 4. 
2. Logs of the Tests.—The logs of the tests containing the quantities 
necessary for this investigation are given in Tables 5-16. 


No. of Items * 


ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 4—PrincrpaL DIMENSIONS 


| 


Purdue # 2| Purdue ¥3 1499 734 5266 
PDP Gitar cel onedavs serous steenees nite Mer see taper eestress ore American | American} Consoli- Consoli- Atlantic 
8 wheels; | 8 wheels dation dation 
Glass santo mera tei crsucter euniewcelals eteaer ree eereataee Schenec-' | Schenec- H6a Bl E2a 
tady No. 2| tady No.3 
‘Orwned! by svar craves erect ere vay s ncncters Purdue Purdue P.R.R. |L.S.&M.S/P.R.R. Co. 
University} University Co. UR Cos 
ARS iyo by NO Gye OnNRe Leo OI GOO OO MOhOFOG La Fayette| La Fayette| St. Louis,| St. Louis, | Altoona, 
Indiana. Indiana. Mo. Mo. Pa. 
Driving Wheeis 
INDI DENION DAIL saree aera creteetoiee teres 2 2 4 4 2 
Approximate diameter, inches............. 70 70 56 63 80 
Engine Truck Wheels 
ING bermayee ccc nGiorsiome cere suscekove crmeneitions 4 4 2 2 4 
Diameters INCHES se ssc, teers sie iercineesieveneer 69 69 29.78 36.68 36 
Trailing Wheels | 
Diameter: INCHES creer aioe cvorme cies ear sr eveurvele | Lee ers aliens avavens 50 
Wheel Bases 
Driving wheel bases 8.5 8.5 16.550 17.342 7.42 
Motaliwheelibase: sc.dii.5 ssevererle sieved sear cseucte ts 23.0 23.0 24.770 25.572 30.85 
Weight of Engine with Water at 2nd. 
Gage Cock and Normal Fire, in lb. | 
Omtrucks cjecwette cis ereletevens stoversieraaveue eventinys +.) 48,000 48,000 21,000 18,700 37,167 
Ontistvdrivers: et now fee Se eee fe oicheree Mic 44,000 39,325 53,334 
Onend Hariverscaanpc sam tee oe eee Baie aes 43,200 39,775 56,667 
OniSrdN drivers. ee sone eee oe pees at 43,500 40,275 Savers 
Onc4thy driversisnt- sagen eines. hiro eterecin Be fee Sa 42,500 43,225 eres 
On Sth rivers sce: ata ails orcs ortieeaee shade he. ware States 5 aad 
Onetrailers:. cyrtec sw aie seen he nak eee ene | atten Rae aio Stina 37,000 
Y Wy rl Us aoe Gh eR PORN ND eee a arc a arene am 109,000 109,000 194,200 181,300 184,167 
Totaltonsiarivierstracce concur erate ero 61,000 61,000 173,200 162,600 110,001 
Cylinders 
Highspressure,; mumber.).. oes eee er 2 2 2 2 2 
High pressure, number... «ic. 2s- eee cm oreteas aaa Sonic Byers ines 
IAFTANPEMEN tere ete ee ce ee | Outside Outside Outside Outside Outside 
Diameter, inches | 
Li go pressUne sig DC teeter tate ee | 16.022 16.022 21.997 21.004 20.518 
High pressurenlekbaciecsteeecime seLae eines | 16.160 16.160 21.993 21.023 20.812 
WOW PIeSsUre; VIGNE. © eis «cscs siete cos oe = lero | gen ee aos See eaate 
Wows Pressures leftien circa vt or cerns ccc rast eek a sheets 
Stroke at Piston, Feet 
High pressure, right 2 x 2.332 2.499 2.164 
Highapressure; lett «costa oes aeeioere 2 2 2.332 2.500 | 2.164 
Low pressure, right. ae ore ae Siete 
OWaAPLeESBUres elt yaycsate micne create re aeetatersete xe ee Beikrn erates eaicaase 
Clearance Per cent of Piston Displacement 
Hieee, sight, headiendieme crete sei ole 7.44 7.44 11.83 9.21 12.7 
Fe Pe righty CrankiOnd «spe yest ako Reece ete 7.98 7.98 10.80 9.21 12.1 
ie lektehend. end ancita sek ac ve eteriae 7.34 7.384 T1371 9.26 12.4 
ae lett icrankc end 2.)a6 on cet re reer 7.63 7.63 11.25 9.36 11.9 
ees right sheadvendijn eats an. maw acl eens AG ee aes 
Bape nght: erank 6nd s.r een crotmean| oboe Kee | SOF AOSD Bass 
ee left) head’ ends joc5 0 casters le ae ee ere a vere ehetes 
ive lett. crank end atures | Bis ace ee oe Aoi 
Receiver, Cubic Feet | 
Molume, right side .<.cc.ni-tieeitstateres a ensrauell eae Ae niiene Dero exes 
Molumeyileft sidecesne i: Merce eee oe / Kane area ae oe a Pe Rati 
: Piston Rods, Diameter, inches 
PAIZH PLeBsUre, LIGHG. op nue at tered reerre ene 2.75 2.75 3.997 3.737 3.472 
Bighipressure, left ereciecenrey tt eerie! 2.75 2.75 3.998 3.733 3.501 
NGOWAPLESSULey THU. «sce cn ercieredvage tiers es fee ainars seater cadets a 
ow: pressure; left ani ccicce.e iver Rie cle ere | meas rane Pant see ae 
Tail Rods, Diameter, inches | 
High pressure) right... sneer s Sears | Pee os one 
Hightpressure: Jeftiinc. aos. oa arerni aioe | porte | 
MOWADLESRUTE nTIgn Vale yn yar crite ween eee | | 
TOwsApressure letters: ooccocn ane eee | 


*Item numbers are the same as those given in the Reports of Tests at the St. Louis Exposition. 


CLAYTON—STEAM CONSUMPTION OF LOCOMOTIVE ENGINES 63 
OF ALL LocoMoTives TESTED. 
7510 3395 585 929 2512 535 628 3000 
oe eal edt f * 
Pacific Pacific Gone Santa Fe Atlantic Atlantic Atlantic Atlantic q 
ation ® 
K-2 K-29 Ww 900 De Glehn 507 ss Il os 
Compound Bo) 
P.R.R. Co./P.R.R. Co.| M.C.R.R, |A.T. & S.F.| P.R.R. Co. |A. T. & §.F. Royal NEO cass || Ss 
; R.R. | , R.R. Prussian R.R. R.R.R. PE, 
Altoona, Altoona, | St. Louis, | St. Louis, St. Louis, St. Louis, St. Louis, St. Louis, 
Pa. Pa. Mo. Mo. Lo. 0. Mo. oO. 
3 3 4 5 2 2 2 2 1 
80 80 63 56.5 80 79 78 79 2 
4 4 2 2 4 4 4 14 
36 36 33 28.5 37,824 34.25 39.48 36.48 15 
56 54 39.9 60.780 50.2 39.48 50.0 16 
13.84 13.85 16.99 19.768 7.058 6.834 6.890 7.00 17 
35.21 36.50 25.79 35.885 28.569 30.288 29.540 27.75 18 
47,334 50,500 24,500 25,860 41,250 51,880 39,200 50,000 20 
55,467 66,000 44,200 53,110 44,550 52,000 33,625 55,100 21 
62,000 65,800 44,800 58,100 43,300 47,200 31,725 54,900 22 
61,167 66,000 39,800 45,760 See Sane Shs ate 23 
erate ae 35,700 36,110 eeeecd cies Bhs az 24 
Bis fers ates stakes 40,680 tees peat cagbte es 25 
46,133 68,700 ate 26,120 34,900 50,420 28,800 40,000 26 
272,101 317,000 189,000 285,740 164,000 201,500 133,350 200,000 27 
178,634 197,800 164,500 233,760 82,850 99,200 65,350 110,000 28 
2 2 1 2 2 2 2 2 29 
acess axa 1 2 2 2 2 ; 2 30 
Outside Outside | Outside Outside |L.P.Inside |L. P. Outside |L. P. Outside |L. P. Outside | 31 
Cross Tandem /|H. P. Outside} H.P. Inside | H. P. Inside | H.P. Inside 
Compound| Compound| De Glehn Vau Clain Hanover Cole 
Compound | Compound | Compound | Compound 
23.995 27.037 stele 19.129 14.1847 15.034 14.166 15.510 32 
23.994 27 23.096 19.165 14.1834 15.037 14.164 15.512 3 
é 35.106 32.000 23.6550 25.023 22.048 26.006 34 
: aaah 32.000 23.6536 25.020 22.078 26.013 35 
2.170 2.332 erences 2.671 2.0975 2.166 1.968 2.163 36 
2.163 2.338 2.667 2.668 2.0975 2.167 1.966 2.163 37 
Tice Oh 2.671 2.671 2.1025 2.167 1.969 2.166 38 
Stages sahara Soe 2.668 2.1050 2.169 1.969 2.166 39 
13.2 15.1 ae 17.217 13.59 17.80 12.8 Die 40 
13.5 15.3 Pe 17.111 13.02 19.10 11.5 16.9 41 
13.3 13.4 17.09 17.172 13.83 18.20 11.9 16.7 42 
13.6 13.9 16.28 17.064 12.65 19.20 10.7 16.8 43 
aches 5.76 8.275 9.92 6.40 10.5 6.7 44 
5.66 8.458 9.12 6.58 10.2 6.5 45 
as 8.284 11.27 6.58 10.8 6.4 46 
8.467 8.68 6.77 10.3 6.5 47 
19.0 14,52 3.07 4,13 6.11 48 
19.0 14.52 3.05 4.13 6.10 49 
4,497 4.502 Ohecs 3.250 2.6763 3.255 3.000 74 
4.499 4,501 3.998 3.250 2.6769 3.245 3.000, 1 
Tas eaters 4.022 4.461 2.6755 3.245 3.002: 76 
earie eta 4.461 2.6759 3.235 3,002, 77 
a8 78 
: 30 am ae ak 79 
: ae 3.25 2.3609 1.968 80 
P is 3.25 2.3610 1.992 81 
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TABLE 4—PrincipaL DIMENSIONS 
S - 
3 Purd Purdue 
ca Locomotive Number ato: lMiatqees 1499 734 5266 
Am 
Valves i “ ” . “s ” 0 q 
s074 [0 Big 0° ncn eee cata rcee rane tec Lem Pal we rGis eO RE OLIC “D” Slide | ‘‘D”’ Slide | ‘‘D”’ Slide | ‘‘D”’ Slide | Wilson Bal 
anced Dou- 
ble Ported 
Slide 
CRU HO eit ale, Srgneae satires cneticeren imo ras ccna nO AGC Richardson| Richardson! Richardson) __ Allen American 
Balanced | Balanced | Balanced |Richardson| Balance 
Valve Co. 
84/ P t of bal d to total stanets (aiciets oe Left 58.97|Left 53.138) 75.70 
er cent of balanced to total area, Right $8.09 Right 52,00 
Sol Typeof Link Motions 6.6.45: screre sce sie wes Stephenson|Stephenson|Stephenson|Stephenson|Stephenson 
Miscellaneous 7 ‘ : 
106] Cylinder lagging material................. Magnesia | Magnesia | Magnesia 
107} Cylinder jacket material.................. Sheet steel} Sheet iron | Sheet iron 
Boiler é ‘ 
18) WA ireyeNe osmctorag Oe cha Oe SOE n Domenie ops dD Extended | Extended | Belpaire | Extended | Belpaire 
Wagon Wagon | Wide Fire-| Wagon | Wide Fire- 
Type Type box Top Radial box 
tays 
114| Outside diameter, Ist ring, inches.......... 52 52 71 68.375 67.0 
Tubes 
DLS Number of bubedesc<c6 civic aces suerte 200 111 373 338 315 
PLStNumber Of; Plues.iesravic.<tele << cece cee cero aan 16 Seton’ Were Saves 
116] Outside diameter of tubes, inches.......... 2 2 2 2 2 
116) Outside diameter of flues, inches........... Aes 5 wiecee eters tan 
EW MERIOKNESS, IICHEBs «tein «(Xe crests elsisineme ets No, 12 No. 12 0.185 0.120 0.125 
Gage Gage 
118} Length between tube sheets, inches........}| 138 138 164.50 178.937 179.78 
LLOl Total fire area, SQUATO. ¢ cis cccaeos ele sans cin 6 ee rahe 6.089 5.71 5.26 
E24 BolerePressure a,c cmte asim nsises Cee ee aceite 250 250 205 200 205 
Superheater 
ZS Numberiof DUDES ...cicsrcietciens «even acters 32 
126} Outside diameter, inches.................. 1.25 
POT HickNOss MINCHES yi. ci 6 ese teins ee oer 
128} Length of tubes, inches................... 207 .24 
129i Type of Superheater . <3. 21-5. 5. - ss sees Cole 
Grates 
Aa Styler. aie yin ok nettle nick Seater Rocking | Rocking Rocking 
Finger Finger 
145) Totalarea, square feet .. e% o2-0 sav see 17 17 49.21 33.76 55.5 
146] Total area, dead grates, square feet. a5 risen 0.0 0.0 6.0 
147| Width of air spaces, inches................ 1.25 1.25 0.69 0.69 0.75 
Heating Surface, Square feet 
154] Of the tubes, water side.................. 1196.00 897 2677 .27 2638 .97 2471.04 
155} Of the tubes, fireside. ...............005. 1086 .00 817 2315.86 2322.30 2162.40 
156} Of the fire-box, fire side. . Cees caer 126 126 166.40 218.92 156.86 
157| Of the Superheater, fire side. . Been ies 193 mais BS Riemer 
158| Total, based on inside of fire-box and 
inside of tubes es vance oe Gees 1212.00 1136 2482.26 2541.22 2319.26 
159] Total, based on inside of fire-box and 
Outsideron tubes... s...siiee ores toeteet 1322.00 1216 2843 . 67 2857 .89 2627.90 
Constants for Piston Displacement, Cubic feet 
188} High Pressure Cylinder, right, head end..... 2.802 2.802 6.155 6.013 4.97 
189} High Pressure Cylinder, right, crank end.... 2.720 2.720 5.952 5.823 4.83 
190} High Pressure Cylinder, left, head end....... 2.849 2.849 6.152 6.025 6.11 
191} High Pressure Cylinder, left, crank end...... 2.766 2.766 5.950 5.834 4.97 
192} Low Pressure Cylinder, right, headend..... shat : 4 : wh 
193} Low Pressure Cylinder right, crank end ..... - 
194} Low Pressure Cylinder, left, head end....... 
195} Low Pressure Cylinder, left, crank end..... 


*Item numbers are the same as those given in the Reports of Tests at St. Louis Exposition. 
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CLAYTON—STEAM CONSUMPTION OF LOCOMOTIVE ENGINES 65 
jOF ALL Locomotives TEstep.—(Continued.) 
= ~ — = == = = = a == — = ie 
7510 3395 585 929 2512 535 628 3000 od 
ZA 
Piston Piston H.P. Piston Piston “D” Slide Piston H. P. Piston Piston 82 
MoEIS 2B) L.P. Allen 
Slide Balanced 
American |H. P. Out-| Baldwin L. P. Not Baldwin Hanover American 
_Locomo- side Admis- _Locomo- Balanced; | Locomotive Locomotive | 83 
tive Com-| sion; L.P. |tive Works| H.P. Bal- Works Company. 
pany Allen Rich- anced Ring 
ardson 
10.0 H. P. 90.63/H. P. 72.5 | H. P. 40.92 | H. P. 70.59 | H. P. 75.6 H. P. 91.22 | 84 
L. P. 55.88/L. P. 85.1 TP (oak) dae e447, L. P. 90.79 
Walscheart}Walscheart|Stephenson|Stephenson| Walscheart | Stephenson | Heusinger Stephenson | 85 
Magnesia | Magnesia | Magnesia | Magnesia Magnesia Magnesia Hair Magnesia |106 
Sheet iron | Sheet iron | Sheet steel} Sheet iron} Sheet iron Sheet iron Sheet iron Sheet iron |107 
Belpaire Radial Straight Wagon Belpaire Wagon Top | Straight Top | Straight Top |113 
Wide Stay Wide | Top Wide |Top Radial] Straight Top| Radial Stay | Wide Fire- Wide 
Fire-box Fire-box Fire-box | Stay Wide Wide box Fire-box 
Fire-box Fire-box 
80.0 70.125 81.05 59.664 69 62.24 T2225 114 
359 241 363 393 139 Serve 273 241 390 115 
Rees 40 Sore oes Tubes 8 Ribs xen tins eee 115 
No Flues 
2.25 2.25 2 2.25 2.75 2.25 2 2 116 
As 5.50 erates Sins See an Be Nees ee 116 
0.125 0.125 0.12 0.125 0.075 0.125 0.098 0.125 |117 
251.40 262.88 190.375 238.500 176.136 225.187 143.78 191.295 {118 
7.83 9.19 (@i8} 8.570) 4.691 5.955 2.50 6.514 |119 
205 200 210 225 225 220 200 220 124 
160 241 125 
1.438 2 126 
0.148 0.098 127 
251.75 29.92 128 
Schmidt Pielock 129 
Rocking Rocking Rocking Rocking Stationary Rocking Stationary Rocking {144 
Finger Finger Finger Sage ha Iron Finger Finger 
ars 
54.41 50.08 49.43 58.41 33.39 48.36 29.06 49.90 145 
Incl. Re- 
torts 70.73 
0.0 1.82 0.0 0.0 0.0 0.0 0.0 0.0 146 
0.78 0.375 0.75 0.94 0.50 1.06 0.5 0.75 147 
4430.06 4373 .31 3015.34 4601.00 1468.87 3016.71 1511.94 3255.27 154 
3938.23 3968 .27 2653.51 4089.77 2479.20 2681.75 1363.77 2848 .36 155 
192.47 232.84 165.69 216.36 177.28 220.30 105.59 151.69 156 
cone palsoilesy Sak oi: ee nes 283.79 Ree 157 
4130.70 4201.11 2819.20 4306.13 2656.48 2902.05 1753.15 3000.05 158 
4622.53 4606.15 3181.03 4817.36 1646.15 3237.01 1932 16 3406.96 159 
.86 9.19 zante 5.330 2.3020 2.6702 2.1539 2.8880 |188 
6.57 9.05 BAO fyeileere 2.2199 2.5450 2.0475 2.7318 |189 
6.79 9.18 Yio thsyl 5.344 2.3014 2.6724 2.1511 2.8387 |190 
6.55 9.04 7.528 5.191 2.2190 2.5480 2.0446 2.7325 |191 
: tthe id 17.954 14.762 6.3520 7.4006 5.1786 7.9898 |192 
5 17.718 14.627 6.3340 7.2761 5.1389 7.8833 |193 
ae Asien 14.746 6.3595 7.4056 5.1918 7.9941 |194 
14.611 6.3413 7.2818 5.1534 7.8876 195 
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Pressure-lb. per sq. in. 
Spe a a 
roo co 5 ‘ Ao 
x BS 2848 oa 258 s 4 iS $325 
He 23 SSa55 : BS a. ao g a) RO 2 
= $6 |GacOe| ees VW eeate | ee lee 2 | gea8 
de | S3 |gagec| 2 | Sens] ao | S38 g | Peas 
[e) =f io) A=) 
Ze 4a CARES a Sam4k| 82 R-B-Ae) a Aaaa 
1 2 3 4 5 6 fa 8 9 
TESTS AT 200 LB. GAGE PRESSURE 
29 20-2-200 6329 223 .47 28.32 200.2 196.9 14.4 te Pes 
30 20-4-200 7549 287 .62 26.24 199.6 196.9 P44 ee 9 ehbate 
31 20-6-200 9778 375.82 26.01 199.7 See 1455:- 0 Uaemee 
32 20-8-200 12443 472.90 26.31 200.3 195.6 A44e | eee 
107 30-—2-200 6431 280.44 22.93 200.1 196.8 14.6 131.6 
108 30-—4-200 8278 383.44 21.59 200.5 198.3 14.4 152.1 
109 30-6-200 10306 516.97 19.93 200.2 199.1 14.5 169.1 
33 30-2-200 7266 268.95 27.01 199.4 200 .2 $4:2° ere eee 
34 30-4-200 9434 367 .09 25.70 200.0 199.3 L424 Ney re 
35 30-6-200 12186 489.21 24.91 199.4 196.7 144° | See 
110 40-2-200 6938 309.58 22.41 200.4 198.6 14.7 138.4 
111 404-200 9844 466.51 21.09 200.1 1937 14.3 152.9 
112 40-6-200 11817 588 .63 20.07 200.0 198.4 14.4 177.5 
37 40-2-200 8243 306.58 26.88 200.4 195.9 WF as ae thins 
38 40-4-200 11073 448.88 24.66 2OL.6> 1 Ge 145550). eae 
39 40-6~200 14786 605.25 24.43 199.4 194.4 Wa ees 
113 50-4—200 9766 487.46 20.03 201.1 198.0 14.3 | 159.4 
41 50—2-200 8471 329.05 25.74 200.5 197.8 14°40" | _ hse 
42 50-—4-200 11972 464.20 25.78 200.6 196.2 1432) |e aoe 
TESTS AT 220 LB. GAGE PRESSURE 
13 20-2-220 7066 255 .33 27.65 221.6 218.4 1442 oly eens 
14 20-4-220 8846 342.85 25.80 219.8 216.6 LAB i, eee 
15 20-6-220 11008 431.44 25.51 220.1 215.2 1425) i) See 
16 20-8-220 13788 533 .02 25.86 220.6 218.4 V4 sa ll” Sees 
iff 30-2-220 8522 320.32 26.60 220.5 PU a7 ¢ 145°) eee 
18 30-4-220 10720 446.49 24.23 220.0 219.1 14.4° %). OR 
19 30-6-220 13192 559.49 23.59 218.8 215.1 W454. i) Sees 
21 40-2-220 9505 371.46 25.58 220.7 pin Wy es 14:3) ae eee 
22 40-—4-220 12058 509 .07 23.68 218.6 212.8 144, i) Scere 
24 50-2-220 9960 378.79 26.29 220.8 218.0 14:5. ) ° AeGee 
25 50—-4-220 13540 562.30 24.08 22020) eee 14.4 oe4|| eee ee 
TESTS AT 240 LB. GAGE PRESSURE 
1 20-—2-240 7268 276.45 26.29 241.5 240.9 143 all eos 
2 20-4-240 9932 392.52 25.33 i: Wi en ee eee 1454" oe Cee 
3 20-6-240 11247 466 .82 24.09 238.3 237.2 14t4@~ il 1 Ae 
101 30-2-240 8662 369.76 23 .43 241.0 237.3 14.5 137.8 
102 30-4-240 10539 476.69 22.11 238.9 236.1 14.3 152.5 
103 30-5-240 11580 534.07 21.68 234.3 225.4 14.4 149.1 
5 30-2-240 9462 371.29 25.48 2400 GN) bee a L456 Til cree 
6 30—4—240 11500 470.64 24.43 240.2 235.1 14:5. i eae 
104 40—2-240 9078 415.09 21.89 236.4 231.4 14.5 127.3 
105 40-—4—240 11758 551.36 21.32 239.7 | 235.7 14.6 153.9 
8 40-2-240 10192 421.78 24.16 242.0 240.5 14:37 _ i Seta 
9 404-240 13511 566.30 23.86 241.0 239.2 14:4.7 |. 7a 
106 50—2-240 10038 463.87 21.64 235.8 231.4 14.4 142.7 
11 50-2-240 11627 465.50 24.97 2aZ 0! Oy} Sees 1435-90 le eee 
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Speed Weight of Steam per Revolution, lb. Av. Absolute Pres- 
2 o sure, lb.-sq. in. 
8 8 See ley wes | Sea te s 
Wea oe ' 7 be j lo) 
Ee é |. wh, | 282 | 3888 | ebs |s=c2 | gfe. £ £3 
og O48 BOF E83 SaaS | .389 |Ba5a.}/ sao 3 33 
sa | ba | Le | E8o | 28es | S22) [as08e feke) So | 282 
o . & ~J Si 
me 8, eB tees as} ase | eOad | caddy |Ones3| asad = acta 
10 11 14 15 16 17 18 19 20 21 
TESTS AT 200 LB. GAGE PRESSURE 
97.09 5825 1.0865 0.829 0.2780 1.3645 0.608 0.955 159 16 
96.97 5815 1.2979 1.017 0.2520 1.5499 0.656 0.978 153 16 
97.52 5880 1.6730 1.305 0.2105 1.8835 0.693 0.962 154 ilgy 
97.25 5835 2.1325 1.702 0.1915 2.3240 0.732 1.014 161 17 
146.90 8814 0.7296 0.757 0.2650 0.9946 0.761 0.985 143 16 
146.20 8775 0.9439 0.973 0.2520 | 1.1959 0.813 1.057 144 16 
148.00 8880 1.1605 1.254 0.2475 1.4080 0.891 1.071 150 17 
146.11 8766 0.8288 0.753 0.3025 1.1313 0.665 0.971 150 16 
146.19 8772 1.0756 0.969 0.2815 1.3571 0.714 0.973 146 16 
146.14 8768 1.3896 1.201 0.2620 1.6516 0.727 1.039 144 Ly 
194.50 11670 0.5945 0.769 0.3310 0.9255 0.831 1.022 138 16 
196.88 11810 0.8333 0.935 0.2670 1.1003 0.850 1.071 131 16 
198.80 11925 0.9906 1.188 0.2760 1.2666 0.937 1.123 131 aye 
194.78 11680 0.7053 0.711 0.3170 1.0223 0.695 0.972 136 16 
194.85 11690 0.9471 0.894 0.3220 1.2691 0.704 0.980 138 16 
194.67 11670 1.2658 1.159 0.3105 1.5763 0.735 1.036 133 Wvé 
234.90 14090 0.6929 0.934 0.3250 1.0179 0.917 1.084 124 16 
243.38 14610 0.5800 0.684 0.3270 0.9070 0.754 1.003 128 16 
243.85 14625 0.8183 0.831 0.3320 1.1503 0.722 1.004 123 16 
TESTS AT 220 LB. GAGE PRESSURE ne 
96.83 5810 1.3028 0.910 0.2700 1.5728 0.579 0.924 169 16 
97.57 5852 1.5110 1.156 0.2500 1.7610 0.656 0.972 173 16 
97.39 5840 1.8839 1.472 0.2180 2.1019 0.700 1.002 178 fi 
97.80 5878 2.3496 1.890 0.2205 2.5701 0.735 1.005 185 i yg 
146.05 8760 0.9726 0.834 0.3070 1.2796 0.652 0.972 170 16 
146.15 8761 1.2225 1.074 0.2910 1.5135 0.710 1.000 155 16 
146.26 8775 1.5033 1.360 0.2900 1.7933 0.758 1.019 158 17 
195.29 11710 0.8110 0.795 0.3200 1.1310 0.703 0.988 148 16 
194.71 11680 1.0320 0.981 0.3190 1.3510 0.726 1.000 146 16 
243.41 14604 0.6819 0.737 0.3280 1.0099 0.736 1.010 138 16 
243.43 | 14606 | 0.9270 | 0.944 | 0.3326 | 1.2590 | 0.750 | 1.014 135 16 
TESTS AT 240 LB. GAGE PRESSURE 
94.49 5670 1.2819 0.968 0.2980 1.5799 0.612 0.926 189 16 
97.72 5861 1.6940 1.292 0.2610 1.9550 0.661 0.987 194 16 
97.09 5825 1.9300 1.540 0.2525 2.1825 0.705 0.935 190 17 
147.10 8825 0.9814 0.960 0.3215 1.3029 0.736 0.963 180 16 
141.65 8500 1.2400 1.165 0.2740 1.5140 0.770 1.015 170 16 
143.29 8595 1.3468 1.283 0.2675 1.6143 0.795 1.031 168 17 
146.15 8765 1.0790 0.957 0.3240 1.4030 0.682 0.964 176 16 
146.00 8760 1.3120 1.131 0.3025 1.6145 0.701 0.966 171 16 
193.55 11620 0.7817 0.873 0.3070 1.0887 0.802 1.002 160 16 
193.00 11580 1.0150 1,125 0.3150 1.3300 | . 0.846 1.024 155 16 
194.46 11660 0.8735 0.850 0.3260 1.1995 0.709 0.968 166 16 
194.63 11680 1.1565 1.076 0.3315 1.4880 0.723 0.987 155 16 
246.41 14790 0.6789 0.826 0.3045 0.9834 0.840 1.041 146 16 
248.38 14910 0.7801 0.827 0.3515 1.1316 0.730 1.004 148 Gn 
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TABLE 5—TEstTs or PURDUE Locomotive, 


Pressure, lb. per sq. in. 
im ce ps 3 i a: 
por, 5 ag. 
3 Bs 22452 bo 58 4 8 ‘S2-Bk 
be es som n : KoS.. oo a 2) non 
2 34 240s is Bt gh2 2 a5 8 Sa'3 8 
Q & oD —Hg~ A = pees 58 oa) 3} ROd 
Ee Se | geepe| 2 Shans) “Ale ose g | #888 
Ze Sie BAnes a San4k| 4B ra alo) a AnmA 
1 2 3 4 5 6 7 8 9 
TESTS AT 120 LB. GAGE PRESSURE 
* 85 20- 4-120t 4351 134.00 32.47 120.4 117.9 1433 See 
86 20-— 8-120 7180 252.79 28.40 121.3 118.0 14:2" 0) Veen 
87 20-12-120 10312 356.91 28.88 120.0 115.6 1403" eee 
129 30- 4-120 4454 163.30 27.27 120.2 118.7 14.5 U7 
130 30- 8-120 7726 335.27 23.05 12052. Rees sSaG 156.2 
131 30-10-120 9043 409.72 22.07 119.9 120.9 14.4 174.9 
132 30-14-120 11672 517.49 22.56 120.2 119.5 14.2 191.4 
88 30-— 4-120 5238 171.02 30.63 120.5 119.1 14.4 {O° Sock 
89 30- 8-120 8939 325.49 27.46 120.4 117.4 14:3") ee 
90 30-14-120 15584 514.01 30.31 120.1 114.3 14.4° |! Sede 
133 40~ 4-120 4714 178.58 26.39 120.1 119.0 14.6 120. 
134 40-— 8-120 8530 382.89 22.27 120.3 120.0 14.4 170.6 
135 40-—12-~120 12156 547.57 22.20 120.6 118.3 14.7 190. 
91 40— 4-120 5556 184.04 30.18 120.3 117.4 14,4 |) os 
92 40-— 8-120 10702 389.05 27.51 120.5 117.1 1455 1) eke 
93 40-12-120 15830 554.77 28.52 119.9 119.1 14-2° |) eee 
136 50-— 8-120 9368 411.80 22.74 120.6 117.5 14.7 169.1 
94 50- 4-120 5957 176.03 33 .84 119.9 118.6 14:4° | #2 
95 50- 8-120 12024 427.59 28.12 120.3 117.8 1455: -4\ WSne 
96 50~-11-120 16149 553 .53 29.17 120.1 110.0 14.4. lh iy Sere 
TESTS AT i160 LB. GAGE PRESSURE 
114 20-— 2-160 4521 166.77 20.07 16052 ae 14.7 125.0 
115 20-— 4-160 5504 232.15 23.71 1GOL8 i eau 14.5 133.4 
116 20-— 6-160 6913 300.16 23.03 P5930" © ne 14.4 153.8 
al ly 20- 8-160 8367 366.71 22.82 1595S 7p sek 14.3 145.1 
67 20- 4-160 6153 219.52 28.03 160.2 159.1 14.4- || es 
68 20- 6-160 7802 298.41 26.14 160.2 158.5 14,4. | Jace 
69 20- 8-160 9494 345.05 27.52 159.3 157.3 14:3 | | aBenwee 
118 30-— 2-160 5014 191.53 26.18 160.8 160.6 14.4 125.0 
119 30- 4-160 6543 285.39 22.93 160.2 159.7 14.4 141.9 
120 30— 6-160 8565 387 .36 22.11 IGOs4" fier soe 14.5 162.9 
121 30- 8-160 10214 481.82 21.20 160.1 158.6 14.3 172.9 
71 30- 4-160 7311 272.11 26.86 160.7 160.3 14,4") Sees 
72 30- 6-160 9705 383.86 25.28 159.7 158.6 1457 hoe 
73 30-— 8-160 11947 465.05 25.69 162.2 159.9 14.4 |} Ween 
122 40- 2-160 5378 211.46 25.46 161.1 160.0 14.5 123.4 
123 40- 4-160 7389 343.28 21.52 Tho Del ee 14.7 154.0 
24 40-— 6-160 9213 429.80 21.44 160.0 7'~ wen 14.4 164.9 
125 40— 8-160 12145 598.70 20.29 16054. 4 Seni 14.4 180.1 
76 40— 4-160 8408 317.72 26.48 161.0 156.9 14:3: |) Se 
is 40-— 6-160 11145 431.66 25.82 160.6 154.7 14°41). CSS 
78 40— 8-160 14380 543.87 26.44 161.1 158.0 1436. '|\* Wee 
126 50-— 2-160 5238 180.24 29.06 161.2 159.6 14.5 118.1 
127 50— 4-160 7621 343.05 22.21 160.4 159.4 14.8 152.5 
80 | 50- 4-160 9137 | 338.27 | 27.01 159.8 158.4 144...) eee 
81 | 50- 6-160 | 12432 | 475.87 | 26.12 160.0 155.6 1g toe | Pee 
TESTS AT 180 LB. GAGE PRESSURE 
46 20- 2-180 5525 191.97 28.78 183.0 181.2 14:6: ||" Aaa 
47 20-— 4-180 7054 263.59 26.76 181.6 179.0 T4555) \\, Vee 
48 20-— 6-180 8499 334.07 25.44 180.0 176.5 14; 5:7. sl\ eee 
49 20— 8-180 10668 411.70 25.91 180.3 i We pe aa a 145%, |i eae 
51 30- 2-180 6257 235.15 26.54 181.6 178.6 1422 |) eee 
52 30— 4-180 8090 317.15 25.36 178.6 178.9 43 |, Pere 
53 30- 6-180 9685 393 .27 24.62 170.0 170.0 LarG:. | 0 Sa 
54 30- 8-180 13447 546.26 24.61 179.4 175.5 2 en] a ee 
56 40-— 2-180 6711 259.13 25.89 182.3 178.9 14.5 1 eras 
57 40-— 4-180 9301 386.18 24.08 181.1 178.8 14.35: 2 || Peer 
58 40— 6-180 12401 524.08 23.68 179.8 176.2 1455: = 2 pee 
59 40— 8-180 15771 609.91 25.85 UIT ev. 177.4 14.2 | Lehehe 
61 50- 2-180 7133 268 .02 26.61 182.3 181.6 14.63. 7 ee 
62 50- 4-180 10032 410.62 24.43 181.3 176.7 14565 See eee 
63 50- 6-180 13766 553 .30 24.87 180.7 175.5 LC el (ers 


* Tests 1-97 run with saturated steam. 101-136 with superheated steam. + Laboratory Designation 
gauge pressure. 


CLAYTON—STEAM CONSUMPTION OF LOCOMOTIVE ENGINES 69 
_Scuenectapy Nos. 2 anp 3.— (Continued.) 
| = = 
Speed Weight of Steam per Revolution, lb. Ay. Absolute Pres- 
© o sure, lb.-sq. in. 
2 g P fc ulkea 
fo & ‘ ek: = =) Semicon | ane cal oS 
Eee 3 ME on ee gees Pe kes Bee on ai 23 
og O48 B08 Bo 3 Bat g gese Bdsd,| aso 3 Pee 
ss | gs | 282 | Seo | sees | S882 (S803) eeBE | SO | 228 
ee 8 fe 8 ase | ade | Oss | SSek Sees] ash5 = accra 
10 11 14 15 16 17 18 19 20 21 
TESTS AT 120 LB. GAGE PRESSURE 
97.33 5840 | 0.7450 | 0.622 | 0.2420 | 0.9870 | 0.630 | 0.944 98 16 
97.08 5825 | 1.2320 | 1.005 1835 | 1.4155 | 0.710 | 0.999 98 17 
97.04 5822 | 1.7710 | 1.502 | 0.1645 | 1.9356 | 0.776 1.027 104 19 
146.20 8772 | 0.5075 | 0.567 | 0.2550 | 0.7625 | 0.744 0.957 89 16 
147.37 8842 | 0.8737 | 0.951 | 0.1990 | 1.0727 | 0.886 1.076 90 17 
145.13 8708 | 1.0384 | 1.167 | 0.1665 | 1.2049 | 0.969 1.134 90 18 
146.03 8762 | 1.3322 | 1.600 | 0.1560 | 1.4882 | 1.075 1.158 99 20 
146.15 8769 | 0.5973 | 0.568 | 0.2510 | 0.8483 | 0.669 | 0.972 90 16 
146.45 8787 | 1.0720 | 0.910 | 0.2145 | 1.2865 | 0.707 1.021 88 17 
145.81 8749 | 1.7813 | 1.611 | 0.1820 | 1.9633 | 0.821 1.024 100 20 
194.52 | 11671 | 0.4039 | 0.562 | 0.2570 | 0.6609 | 0.851 1.031 85 16 
194.55 | 11673 | 0.7305 | 0.904 | 0.2075 | 0.9380 | 0.964 1.120 85 17 
194.61 | 11677 | 1.0219 | 1.315 | 0.2080 | 1.2299 | 1.069 1.192 91 19 
195.03 | 11702 | 0.4747 | 0.531 | 0.2695 | 0.7442 | 0.713 0.984 85 16 
195.01 | 11701 | 0.9145 | 0.875 | 0.2450 | 1.1595 | 0.754 1.026 83 17 
195.38 | 11723 | 1.3503 | 1.296 | 0.2320 | 1.5823 | 0.819 0.997 91 19 
243.87 | 14632 | 0.6406 | 0.852 | 0.2380 | 0.8786 | 0.970 1.150 76 17 
243.71 | 14623 | 0.4074 | 0.525 | 0.2755 | 0.6829 | 0.769 0.979 76 16 
243.45 | 14607 | 0.8232 | 0.852 | 0.2750 | 1.0982 | 0.776 0.977 79 17 
246.10 |, 14766 | 1.0936 | 1.110 | 0.2365 3301 | 0.835 1.000 80 19 
TESTS AT 160 LB. GAGE PRESSURE 2.) ee 
97.15 5829 | 0.7755 | 0.683 | 0.2480 | 1.0235 | 0.667 0.923 128 16 
97.06 5824 | 0.9451 | 0.851 | 0.2110 | 1.1561 | 0.736 0.985 127 16 
97.44 5846 | 1.1823 | 1.075 | 0.1805 | 1.3628 | 0.789 1.027 126 17 
97.61 5860 | 1.4285 | 1.348 | 0.1660 | 1.5945 | 0.845 1.091 127 17 
97.34 5840 | 1.0536 | 0.824 | 0.2120 | 1.2656 | 0.651 0.966 123 16 
97.49 5849 | 1.3245 | 1.084 | 0.2100 | 1.5345 | 0.706 0.983 129 17 
97.39 5843 | 1.6229 | 1.295 | 0.1925 | 1.8154 | 0.713 0.991 125) LT 
146.44 8786 | 0.5707 | 0.625 | 0.2650 | 0.8357 | 0.748 | 0.950 124 16 
145.45 8727 | 0.7497 | 0.800 | 0.2220 | 0.9717 | 0.823 0.997 115 16 
146.11 8767 | 0.9769 | 0.993 | 0.2240 | 1.2009 | 0.827 1.074 115 17 
146.27 8776 | 1.1635 | 1.250 | 0.2150 | 1.3785 | 0.907 1.113 119 17 
145.96 8758 | 0.8323 | 0.763 | 0.2520 | 1.0843 | 0.704 0.992 119 16 
146.11 8767 | 1.0071 | 0.985 | 0.2480 | 1.2551 | 0.784 1.030 119 17 
146.42 8785 | 1.3594 | 1.218 | 0.2475 | 1.6069 | 0.757 0.985 119 17 
199.26 | 11956 | 0.4498 | 0.615 | 0.2955 | 0.7453 | 0.825 1.020 113 16 
196.02 | 11761 | 0.6282 | 0.783 | 0.3055 | 0.9337 | 0.839 1.047 106 16 
195.25 | 11715 | 0.7864 | 0.936 | 0.2485 | 1.0349 | 0.905 1.095 109 17 
195.27 | 11716 | 1.0364 | 1.207 | 0.2130 | 1.2494 | 0.966 1.153 111 17 
195.27 | 11716 | 0.7176 | 0.740 | 0.2940 | 1.0116 | 0.731 1.019 107 16 
194.68 | 11681 | 0.9541 | 0.919 | 0.2960 | 1.2501 | 0.735 1.017 110 17 
195.85 | 11751 | 1.2237 | 1.122 | 0.2745 | 1.4982 | 0.749 1.006 107 17 
243.17 | 14590 | 0.3589 | 0.547 | 0.3070 | 0.6659 | 0.822 1.010 105 16 
242.91 | 14575 | 0.5228 | 0.703 | 0.2860 | 0.8088 | 0.869 1.054 100 16 
243.61 | 14617 | 0.6251 | 0.671 | 0.2840 | 0.9091 | 0.738 0.997 96 16 
243.86 | 14632 | 0.8497 | 0.874 | 0.2920 | 1.1417 | 0.765 1.023 96.) alin 
TESTS AT 180 LB. GAGE PRESSURE E ae F 
62 | 0.9472 | 0.739 | 0.2870 | 1.2342 | 0.599 0.878 146 16 
oy 14 3870 1.2016 | 0.943 | 0.2705 | 1.4721 | 0.640 0.905 139 16 
97.69 5S600 |) 1.4510) |) 1.193) |) 022265. | 1.6775, | 0.711 0.976 145 17 
97.66 5859 | 1.8234 | 1.475 | 0.2085 | 2.0319 | 0.725 0.980 146 | 17 
146.76 8805 | 0.7105 | 0.700 | 0.2940 | 1.0045 | 0.697 0.954 144 1 
145.37 8720 | 0.9275 | 0.847 | 0.2910 | 1.2185 | 0.695 0.960 134 16 
146.00 8760 | 1.1050 | 1.015 | 0.2640 | 1.3690 | 0.741 0.988 125 17 
146.76 8805 | 1.5480 | 1.360 | 0.2475 | 1.7955 | 0.757 0.992 126 17 
194.92 | 11690 | 0.5737 | 0.660 | 0.3095 | 0.8832 | 0.747 0.967 12 16 
195.12 | 11710 | 0.7940 | 0.833 | 0.3165 | 1.1105 | 0.750 1.015 128 16 
193.64 | 11618 | 1.0673 | 1.026 | 0.3560 | 1.4233 | 0.721 0.956 25 17 
196.72 | 11615 | 1.3354 | 1.251 | 0.2910 | 1.6264 | 0.769 1.03 125 17 
243.55 | 14610 | 0.4880 | 0.635 | 0.3100 | 0.7980 | 0.796 0.997 125 16 
242.77 | 14560 | 0.6885 | 0.771 | 0.3245 | 1.0130 | 0.761 1.006 116 16 
247.06 | 14825 | 0.9280 | 0.958 | 0.3205 | 1.2485 | 0.767 0.997 F 


denotes in order, miles per hour, number of notches reverse lever is forward of dead-center position, and boiler 


ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 6—Tests or Penn. R. R. Crass H6A 


Pressure, lb. per sq. in. Speed 
es a 
g Le g n n 
=] TA . - 
% BS B4a5 ee Ss S. 5 8 2 
re one as u sf a NM Om) $ Bg =) 
® BS Ame Hi RD Spi = w i) D.: 
Be | 86 | Sak Ie eee seer eee eee 
Eg 3% $ep = ‘gat mo 5 ae Ss 
Ze 3A Bass eB a: EUS a as as 
1 2 3 5 6 8 10 LS 
110 40-20-F t 10445 365). 7 28.00 200.4 14.5 40.33 2420 
111 40-30-F 12493 454.5 27.49 203 .4 14.5 40.42 2425 
103 80-20-F 16748 650.0 Dak 197.6 14.4 92.74 5564 
109 80-20-F 14995 587.6 25.02 191.6 14.4 81.59 4895 
112 80-30-F 18796 ass 24.11 200.7 14.5 79.73 4784 
118 80-37-F 23176 930.5 24.90 201.4 bess) 80.69 4841 
116 120-30-F 23046 975.1 23.63 198.7 14.5 120.12 7207 
115 120-35-F 24799 1036.1 23.92 193.1 14.4 120.63 7238 
102 160-20-F 20068 803.3 24.99 189.3 14.5 160.33 9620 
105 160-27-F 22750 951.4 23.91 181.6 14.6 157.64 9458 
a7 160-35-P 25496 1023 .7 24.90 201.8 14.5 160.63 | 9638 
TABLE 7—Tersts or L.S. & M.S. Crass BI 
201 40-20-F 8942 299.4 29.88 192.8 14.6 40.34 2420 
203 40-40-F 15174 550.4 27.58 199.6 14.5 40.11 2407 
204 80-45-F 23732 901.1 26.33 178.0 14.5 79.99 4799 
205 80-20-F 13810 527.0 26.20 200.3 14.6 80.46 4828 
206 | 80-30-F 19412 782.6 24.81 201.8 1 Bay 80.07 4804 
208 80-40-F 24283 962.5 2oL2n 204.0 14.5 80.00 4800 
209 160-—20-F 21948 865.6 25.36 201.5 14.4 159.31 | 9559 
210 | 160-23-F 23763 953.7 24.92 198.5 14.4 159.94 | 9596 
211 | 160-27-F 26149 994.8 26.28 178.4 14.4 160.01 | 9601 
212 160-26-F 25481 1053.9 24.18 199.4 T4Ar5 160.32 9619 
213 | 160-40—-P 24770 886.8 27 .92 202.6 14.5 160.39 9623 
217 160-40-P 24300 799.5 30.40 199.3 14.5 159.23 9554 
218 160-40-—P 24495 865.2 28.31 200.8 14.5 160.10 9606 
219 160-30-P 23822 923.4 25.81 200.7 14.6 158.82 9529 
220 160-—26-P 23287 | 942.4 24.90 201.6 14.5 160.05 9603 
TABLE 8—Tersts or Penn R. R. Crass E2a 
901 80-15-F 14227 419.8 33.89 201.3 14.1 80.00 4800 
902 80-20-F 15545 477.2 32.56 200.1 14.2 80.00 4800 
904 80-25-F 18124 585.6 30.98 198.5 14.2 80.00 4800 
906 80-30-F 22030 727.9 30.30 202.6 14.2 80.00 4800 
908 120-20-F 19747 687.6 28.72 201.0 14.1 120.00 7200 
910 120-—25-F 22946 SOUL 26.98 200.5 1451 120.00 7200 
912 120-30-F 26941 1015.4 26.52 202.7 14.1 120.00 7200 
913 | 160-15-F 20222 748.8 27.01 198.0 14.2 160.00 9600 
914 | 160-20-F 21166 826.8 25.60 202.9 14.3 160.00 9600 
916 | 160-25-F 25791 1011.6 25.49 200.0 14.4 160.00 9600 
917 | 160-27-F 28242 1055.0 26.78 188.4 14.2 160.00 9600 
920 200-—20-F 25557 1018.6 25.09 202.0 14.1 200.00 12000 
922 200-25-F 29468 1223.7 24.08 202.1 143 200.00 12000 


t Laboratory Designation denotes in order, revolutions per minute, cut-off in per-cent of stroke, and full or 


| 
| 
| 


_Locomotive No. 1499, ConsouipaTion Typr. 
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Speed Weight of Steam per Revolution, lb. Av. Absolute Pres- 
y © sure, lb.-sq. in. 
= | 2 & 
: ' Seep | eave sHers, | See Em x 
# we 439 | oe8S| em. | s2ee | gee 2 ee 
Ug a gO £35 | dads Sea |S ge Meas 3 53 
Sos oa ma SS Sas @qg.2 | @es8 |Ss5ad| & 8 42RS 
| Bas ae BES eee | asc ekse (Sse seek <) 3 24 
Aan 3, Ea} as. Aas | MOaed | Gace |CnRs S| asHd = aag 
i) 12 13 14 15 16 17 18 19 20 21 
ie 188.1 6.70 4.315 3.251 | 0.548 | 4.863 0.669 1.136 175 15 
| 188.5 6.72 5.150 3.967 | 0.486 | 5.63 0.704 1.111 180 15 
| 432.6 15.40 3.007 2.770 | 0.631 3.638 | 0.762 1.065 158 16 
380.5 13.55 3.062 2.780 | 0.649 | 3.711 0.749 1.068 155 15 
371.8 13.24 3.928 | 3.520 | 0.540 | 4.468 | 0.788 1.097 160 16 
376.3 13.40 4.784 4.405 | 0.459 | 5.243 0.840 1.125 161 17 
| 560.2 19.95 3.200 Bid 280) 0622) 1 3.822 0.818 1.091 145 18 
562.6 | 20.04 3.427 3.286 | ~0.604 | 4.031 0.815 1.087 132 18 
747.7 | 26.63 2.085 2.275 | 0.744 | 2.829 0.805 1.049 124 18 
735.3 | 26.20 2.405 2.520 | 0.690 | 3.095 0.814 1.044 124 19 
| 949.2 | 26.68 2.646 2.7935 || 0.678) |, 32319 0.842 1.128 108 19 
|Locomotive No. 734, CONSOLIDATION TYPE. 
| 
|, -201.7 7.56 3.698 | 2.842 0.616 | 4.314 0.659 1.012 195 17 
| 200.5 7.52 6.303 5.695 0.452 | 6.755 0.844 1.065 200 17 
399.9 14.99 4.949 | 4.676 0.574 | 5.523 0.847 1.066 169 22 
| 402.2 15.09 2.863 Deal 0.754 | 3.617 0.753 1.025 | 191 19 
400.3 15.01 4.043 3.698 0.679 | 4.722 0.783 1.038 | 186 20 
399.9 14.99 5.058 | 4.780 | 0.686 | 5.744 0.832 1.052 | 185 23 
| 796.4 29.87 2.298 | 2.588 1.063 | 3.361 0.769 1.043 | 170 23 
| 799.6 29.98 2.476 2.670 | 0.892 | 3.368 0.792 1.063 | 157 22 
799.9 30.00 2.723 2.837 0.882 | 3.605 0.787 1.037 | 149 24 
801.0 30.04 2.648 2.910 0.872 | 3.520 0.827 1.045 | 156 24 
801.8 30.07 2.572 2.774 On 722 ee 3 20 4a a ORS4? 1.061 106 23 
796.0 29.85 2.543 2.560 | 0.744 | 3.287 0.780 1.018 100 22 
800.4 30.01 2.549 | 2.599 0.645 | 3.194 0.813 1.047 | 105 22 
793.9 29.77 2.501 2.792 0.839 | 3.340 | 0.836 1.103 134 23 
800.1 30.00 2.444 2.701 0.912 | 3.356 0.805 1.055 165 21 
Locomotive No. 5266, ATLantTic TYPE. 
346.2 19.10 2.964 2.131 0.492 | 3.456 | 0.617 0.941 180 16 
346.2 19.10 3.238 | 2.359 0.473 | 3.711 0.635 | 0.949 175 16 
346.2 19.10 3.776 2.838 0.450 | 4.226 | 0.671 1.042 180 16 
346.2 19.10 | 4.592 3.461 0.395 | 4.987 0.694 0.946 190 17 
519.2 28.65 2.741 2.310 | 0.495 | 3.236 | 0.714 1.042 173 18 
519.2 28.65 3.188 2.780 | 0.490 | 3.678 | 0.756 1.053 176 18 
519.2 28.65 3.742 3.285 0.429 | 4.171 0.788 1.025 171 17 
692.4 38.20 2.108 1.911 0.517 | 2.625 | 0.728 | 0.993 150 18 
692.4 38.20 2.203 2.082 ON532) e285) On762 1.004 149 17 
692.4 38.20 2.686 2.508 0.466 | 3.152 | 0.796 1.059 161 17 
692.4 38.20 2.942 2 589 0.488 | 3.430 | 0.755 1.043 150 19 
865 .6 47.75 2.130 2.047 0.540 | 2.670 | 0.766 | 0.998 147 19 
865.6 47.75 2.453 2.421 07532) | 27985) | Orsi 1.018 146 21 


' partial throttle opening. 
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ILLINOIS ENGINEERING EXPERIMENT STATION 


TABLE 9—Tests or Penn. R. R. Cuass K2 
Pressure, lb. per sq. in. Speed 
a0 A) 5. ae 
on ># a3 ho j | Ku be a | I 
ae $3 388.5 a Sua be 2 3 | 38 
8s | #8 BPRS Hi Do: 2% : 34. | ae 
F 5.2 acca 3 ae 85 Sa | 3a 
se | eS | Sees | ee ee eee 
Ze qe Snes a 2A sc a es eae 
| 
1 2 3 4 5 6 8 10 11 
1609 80-20-F 18910 747.5 25.29 203.1 14.1 80 4800 
1636 80-25-F 20008 793.3 25.23 204.8 14.1 80 | 4800 
1638 80-15-F 16676 643.0 25.93 205.2 14.1 80 | . 4800 
1601 80-15-F 15745 605.0 26.02 196.8 14.2 80 | 4800 
1602 80-25-F 21384 848.0 25.20 202.4 14.1 80 | 4800 
1607 80-25-F 21413 852.6 25.13 202.8 14.2 80 | 4800 
1637 80-15-F 16009 612.3 26.05 203.8 14.1 80 | 4800 
1643 80-25-F 20049 $33.9 24.02 203.3 14.1 80 4800 
1646 80-15-F 14918 573.2 26.03 205.4 14.2 80 4800 
1610 100-30-F 29201 1172.0 24.92 203.3 14.2 100 6000 
1603 120-25-F 29057 1202.9 24.17 202.7 14.3 120 7200 
1605 120-35-F 36363 1455.3 24.98 203.5 TER 120 7200 
1644 120-30-F 28840 188.9 24.26 205.2 14.1 120 7200 
1611 120-30-F 33951 1371.0 24.77 203.6 14.0 120 | 7200 
1635 120-30-F 29023 1227.9 23.62 203.2 14.0 120 | 7200 
1647 120-30-F 29660 1199.2 24.72 204.1 14.2 120 7200 
1604 160-25-F 34569 1475.8 23.41 204.8 14.1 160 | 9600 
1622 160-25-F 32491 1201.8 27 .03 202.2 14.2 160 | 9600 
1634 160-35-F 40745 1657.1 24.58 202.5 14.0 160 | 9600 
1649 160-30-F 31858 1309.0 24 32 193.8 14.2 160 9600 
1606 160-35-F 42240 | 1699.4 24.86 202.4 14.2 160 9600 
1608 160-25-F 33072 | 1384.2 23.90 204.4 14.2 160 9600 
1612 160-25-F 33133 1400.9 23.66 204.1 14.0 160 | 9600 
1624 180-30-F 35903 1497.3 23.98 197.5 14.0 180 | 10800 
1631 180-35-F 42896 1723.2 24.91 203.1 14.0 180 | 10800 
1613 180-35-F 44130 1773.8 24.89 201.2 14.2 180° | 10800 
1633 180-35-F 43407 1773.5 24 51 203.0 14.0 180 | 10800 
1645 180-35-F 44276 1754.5 25.24 202.6 14.2 180 | 10800 
TABLE 10—Tersts or Penn. R. R. Cuiass K-26 
= ; 
8 , Pressure, lb. per sq. in. Speed 
ow 2 Q, ee 
ad Ay 
oe ps Bes : Sau pst 2 2 
2 se [Bas] | Baa 6 Ss | Sgn | 8 8 
8 #8 (2508) oc | oan) 38 | ge S| 834) 28 | aes 
& & ad ay = ae. 08 es g tno aid al 
He 2a Sapa| 38 Sar | GO | Mog S mee S Se 
30 | 3d OLkS ° x8 ab as a Pyias os @ & 
Za pea) Bass, ROH a8 Riso) ea) Anm coe F m8 
1 2 3 4 5 Gi aR eS oo li 
2434 | 100-20-F | 19525 941.0] 20.68 | 200.1 | 197.0 13.80 0h Uvee2 100 6000 
2402 | 100-23-F | 23756 | 1100.5 | 21.58 | 192.4 | 189.0 Wey | APRS 100 6000 
2403 | 100-23-F | 22257 | 1090.7 20.40 | 187.5 | 185.5 14.2 | 183.2 100 6000 
2435 | 120-25-F | 26740 | 1386.5 | 19.28 | 200.1 | 195.4 IS || S08 | Wye 7200 
2416 | 160-31-F | 33747 | 1840.7 | 18.33 | 200.4 | 193.7 14.1 | 234.4 | 160 9600 
2436 | 160-31-F | 31866 | 1762.5 | 18.07 | 199.8 | 192.2 14.1 226.0 160 9600 
2414 | 160-31-F | 30941 | 1833.5 | 16.88 | 202.0 | 194.3 14.3 | 252.0 160 9600 
2413 | 180-31-F | 32449 | 1978.3 | 16.40 | 201.2 | 194.3 1404 2314 180 10800 
2422 | 180-38-F | 40405 | 2246.5 | 17.99 | 200.5 | 191.2 14.0 | 253.7 180 10800 
2417 | 180-38-F | 39317 | 2141.0 | 18.35 | 190.9 | 181.7 14.1 | 252-8-]~ 180 10800 
2438 | 180-40-F | 43387 | 2242.6 | 19.32 | 200.0 | 184.3 14.3--+"244.4 | 180 10800 
2437 | 180-42-F | 44540 | 2269.1 | 19.64 | 197.4 | 181.7 14.1 250.3 180 10800 
2441 | 240-25-F | 35142 | 1955.1 | 17.97 | 199.9 | 189.4 TAO eno 1707 240 14400 
2430 | 240-31-F | 38564 | 2207.7 | 17.47 | 199.9 | 190.1 14.0 | 233.1 | 240 14400 
2439 | 240-35-F | 40382 | 2283.6 | 17.66 | 200.6 | 185.6 14.3 | 247.0 240 14400 
2433 | 240-35-F | 42610 | 2251.3 | 18.11 | 200.5 | 186.8 14.1 240.2 240 14400 
2440 | 280-35-F | 44338 | 2405.8 | 18.43 | 201.5 | 185.3 14.1 241.2 280 16800 
2442 | 280-35-F | 45333 | 2359.4 | 19.22 | 199.8 | 182.0 14.1 236.6 280 16800 
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_ Locomotive No. 7510, Paciric Typn. 


Speed Weight of Steam per Revolution, lb. Av. Absolute Pres- 


© © sure, lb.-sq. in. 
2 = 
bets £ 5 Has Sa Es} So 
+ ' cH 1 re pe 
ee: . Bo se | Es8s| em. |s2e2 | eke, o 23 
abel nh sOn Aas AS 8 sees £dsa a4Ha5 3 Sry 
$3. | Se | SoS | S80 | Shas | SHES |asOek| sdk | © | 4s 
2 S 26 omen |] Ss 5 > S 2 BRM 
Aad aa Oss | m88 | eO8s | Sek | See 88] 25h5 = Ay 
12 13 14 15 16 alv/ 18 19 20 21 
346.6 19.03 3.940 3.688 0.555 4.495 0.820 1.114 169 17 
346.6 19.03 4.168 3.920 0.562 4.730 0.829 1.069 180 18 
346.6 19.03 3.474 3.218 0.622 4.096 0.785 1.067 171 19 
346.6 19.03 3.280 3.030 0.566 3.846 0.788 1.061 168 18 
346.6 19.03 4.456 4.169 0.505 4.961 0.840 1.099 169 17 
346.6 19.03 4.462 4.130 0.543 5.005 0.825 1.078 168 18 
346.6 19.03 3.336 3.132 0.637 3.973 0.788 1.094 170 17 
346.6 19.03 4.178 3.900 0.560 4.738 0.823 1.057 166 18 
346.6 18.95 3.108 2.865 0.568 3.676 0.780 1.066 148 19 
433.3 23.78 4.867 4.710 0.522 5.389 0.874 1.100 172 20 
520.0 28.54 4.037 3.978 0.560 4.597 0.865 1.074 160 20 
520.0 28.54 5.050 4.990 0.564 5.614 0.889 1.118 170 22 
520.0 28.43 4.006 3.990 0.533 4.539 0.880 1.107 155 22 
520.0 28.54 4.718 4.691 0.523 5.241 0.895 1.104 165 22 
520.0 28.54 4.032 4.020 0.539 4.571 0.879 1.124 156 20 
520.0 28.43 4.119 3.995 0.533 4.652 0.859 1.082 148 21 
693.3 | 38.05 3.601 3.667 0.568 4.169 0.879 1.100 144 22 
693.3 38.05 3.384 3.204 0.696 4.080 0.786 1.092 139 23 
693.3 38.05 4.245 4.240 0.592 4.837 0.877 1.146 150 26 
693.3 37.91 3.318 3.4387 0.599 3.917 ON87 1.080 139 23 
693.3 38.05 4.402 4.486 0.642 5.044 0.889 1.118 149 26 
693.3 | 38.05 3.447 3.579 0.654 4.101 0.872 1.124 148 23 
693.3 38.05 3.452 3.520 0.644 4.096 0.860 1.134 152 21 
779.9 42.81 3.325 3.412 0.692 4.017 0.850 1127 136 24 
779.9 42.81 3.971 3.993 0.687 4.658 0.858 1.114 147 28 
779.9 42.81 4.087 4.243 0.707 4.794 0.885 1.087 143 28 
779.9 42 81 4.020 4.074 0.622 4.642 0.878 ile 119 140 26 
79.9 | 42.65 | 4.090 | 4,080 | 0.648] 4.742" | 0.860 | 1.074 | 140 | 289 
LocomoTivE No. 3395, Paciric TyPrE 
Speed Weight of Steam per Revolution, Ib. r F eee eg 
i) 
s a) 
s S ieee a ee 
2 6 hi n Dee ae by Sage ° an § | S 3 
S R R » 6.2 ¢ oe 
@e | 8 | » 3 | asr | Zess| 222 |aete | she.) 3 Ee 
8% | 8 gos | ESO | sacs | gee |agoe8| eke | Oo |. 328 
Sect ea £> art ie] & ie, me) & 
ae S5 SSS | Ge | ods | SSed |GH885| asad i aaa 
12 13 14 15 16 17 18 19 20 21 
) 23.66 3.254 4.055 0.742 3.996 1.015 1,225 150 16 
467 ° 23.76 3.959 4.442 0.691 4.650 0.956 1.233 149 18 
467.0 23.76 3.710 4.378 0.668 4.378 1.000 1.232 141 a 
560.4 28.39 3.715 4.908 0.805 4.520 1.086 1.270 146 22 
747 .2 38.02 3.515 5.020 0.869 4.384 1.145 1.279 140 2 
747.2 37.86 3.319 5.260 0.892 4.211 1.249 1.305 i3e 2 
747.2 38.02 3.224 §.120 0.922 4.146 1.235 1.347 1 i a 
840.6 42.77 3.003 4.890 0.979 3.982 1.228 1.265 ie a2 
840.6 42.77 3.741 MA) 1.002 4.734 1.215 1.309 iS 2 
840.6 42.77 3.641 5.500 0.959 4.600 1.195 1.286 128 a 
840.6 42.59 4.016 6.100 1.078 5.094 1.197 1,293 on 2s 
840.6 42.59 4,124 6.180 1.023 5.147 1.200 1.341 is a 
1120.8 56.78 2.440 4.201 1.202 3.642 1.154 1222 ee 2 
1120.8 57.03 2.678 4.518 1.150 3.828 1.180 1.320 13 3 
1120.8 56.78 2.802 4.853 1.240 4.042 1.200 1.239 
1120.8 57.03 2.960 4.910 1.196 4.156 1.182 1.271 123 33 
1307.6 66.25 2.640 4.751 1.451 4.091 1.161 Lote oan 3 
1307.6 | 66.25 | 2.699 | 4.730 | 1.364 | 4.063 | 1.164 | 1.254 | 12 
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TABLE 11—TesEsts or M. C. R. R: 


| na Ca at Waris a High Pressure - 
josceesie ih a ~ a Cylinder 
| | Wt. of Steam 
Bs | ‘ s per Revolution 
Ale alee ces S > ae 
oe See ieee: ii Ee A A 
© Eo |3asa| a oS} 5 g & ag “3 . | Bes 
$3 BRR og S| 8 Sa | 8. | g 
2 Be 2eCk) = jeet| oe | 2 | 28 | Sz | ssh] ge | Ce | ges 
fel 28 |S8ee| S$ lesh|-S° | & | becl &e (83. | Se | bes) seo 
wel So lease! 6 |aaq| 62 |) @ ask | me) aes) 28 ese loes 
: | 
1 2 3 4 5 6 8 10 11 12 13 14 15 
301| 40-43-F | 9052 | 442.5 | 20.45| 209.2 | 14.4 | 40.00 | 2400 | 213.5] 7.49 | 3.771 | 3.833 
303| 40-45-F | 9710 | 477.4 | 20.32| 209.1 | 14.4 | 39.99 | 2399 | 213.5] 7.49 | 4.048 | 4.060 
303 | 40-48-F | 10498 | 512.0 | 20.50] 210.1 | 14.5 | 40.01 | 2401 | 213.6] 7.49 | 4.371 | 4.324 
305| 80-45-F | 16631 | 840.6 | 19.78| 209.6 | 14.5 | 79.86 | 4792 | 426.3 | 14.96 | 3.471 | 3.882 
306] 80-42-F | 14997 | 734.9 | 20.40] 205.8 | 14.5 | 80.18-| 4811 | 428.0 | 15.01 | 3.118 | 3.550 
308| 80-53-F | 18583 | 932.2 | 19.93| 206.4 | 14.5 | 80.00 | 4800 | 427.1 | 14.98 | 3.872 | 4.251 
309| 80-57-F | 21087 |1040.7 | 20.25| 210.9 | 14.5 | 79.98 | 4799 | 426.9 | 14.98 | 4.394 | 4.782 
312 | 160-47-F | 20883 | 890.1 | 23.45] 209.0 | 14.6 |160.02 | 9601 | 854.3 | 29.97 | 2.173 | 3.290 
316 | 160-62-F | 24673 |1001.3 | 24.61| 175.1 | 14.5 |159.97 | 9598 | 854.1 | 29.96 | 2.572 | 3.580 
317 | 160-50-P | 19241 | 910.4 | 21.12] 208.7 | 14.6 |159.95 | 9597 | 853.9 | 29.96 | 2.006 | 3.159 
318| 160-61-P | 22349 | 937.7 | 23.84] 210.7 | 14.6 |160.03 | 9602 | 854.3 | 29.97 | 2.327 | 3.165 
319 | 160-65-P | 22805 | 934.2 | 24.42] 208.3 | 14.6 |160.01 | 9601 | -854.3 | 29.97 | 2.377 | 3.059 


TABLE 12—Tests or A. T. & S. F. 


401 40-27-F | 10485 | 391.6 | 26.80! 215.4 | 14.5 | 40.01 | 2400.6] 213.58] 6.719] 4.368 | 4.060 
402 40-35-F | 12824 | 510.8 | 25.10} 213.5 | 14.6 | 40.00 | 2400.0/ 218.55) 6.718} 5.342 | 4.710 
403 40-40-F | 14982 | 633.6 | 23.68| 213.5 | 14.6 | 39.97 | 2398.2] 218.41] 6.714) 6.260 | 5.450 
410| 60-30-F | 13348 | 511.3 |26.10| 214.1 | 14.6 | 60.00 | 3600.0| 320.34] 10.077| 3.708 | 3.924 
411 60-35-F | 16567 705.2 | 23.50] 216.3 | 14.5 | 60.00 | 3600.0] 320.34] 10.077] 4.600 | 4.600 
412 60-40-F | 19635 | 888.8 | 22.09 | 216.7 | 14.5 | 60.64 | 3638.4) 323.75] 10.184) 5.400 | 5.313 
405 80-30--F | 15110 | 631.4 23.92] 214.2 | 14.4 ; 80.00 | 4800.0) 427.13) 13.435] 3.150 | 3.854 
407 80-40-F | 23107 |1088.8 | 21.22; 213.0 | 14.6 | 80.00 Peele 427.13] 13.485) 4.815 | 5.200 
; 408 | 80-55-F | 31485 |1257.9 | 25.01] 213.5 | 14.5 | 81.28 | 4876.8] 434.00] 13.652] 6.456 | 6.060 
TABLE 13—Tersts or Penn R. R. 

502| s80-33-F | 9323 | 495.7 | 18.81| 215.2 | 14.5 | 80.05 | 4803.0] 336.3 | 19.14 | 1.940 | ..... 
505] 160-78-F | 10580 | 524.5 | 20.18] 219.7 14.4 |159.96 | 9597.6] 672.1 | 38.25 1.1038 1.305 
506| 160-78-F | 11219 | 524.5 | 21.38] 219.6 | 14.4 |160.00 | 9600.0] 672.7 | 38.26 1.168 1.280 
507| 160-498-F | 16070 | 809.3 | 19.85} 214.6 | 14.7 |160.00 | 9600.0] 672.7 | 38.26 1.674 1.720 
508| 160-§8-F | 19724 | 944.6 | 20.89] 206.4 | 14.5 |160.00 | 9600.0) 672.7 | 38.26 | 2.055 | 2.075 
510} 240-28-F | 13246 | 596.8 | 22.20] 212.5 | 14.6 |240.00 |14400.0|/1008.3 | 57.39 | 0.920 | 1.266 
511| 240-32-F | 15014 | 653.2 | 23.00/ 218.9 | 14.4 |240.00 |14400.0|1008.3 | 57.39 | 1.042 | 1.305 
512} 240-28-F | 17574 | 802.3 | 21.90| 217.5 | 14.4 |239.99 |14399.4|1008.2 | 57.39 123 1.470 
513| 280-32-F | 18710 | 682.5 | 27.44! 215.0 | 14.4 !279.99 116799.411176.1 66.96 | 1.114 Ld 
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‘Crass W Locomotive No. 585. 


High Pressure Cylinder Low Pressure Cylinder 


} 

Wt. of Steam Av. Abs. Pres- | Weight of Steam Av. Abs, Pres- 
| per Revolution 2 spl sure, lb,-sq. in. per Revolution, 2 >| 8 sure, lb.-sq. in. 
ig aeaie.. ia hee Fl ictlic ; g 
Hee Mae en Ganmiec sy Ves 
loess] op [SSHPCSS | 3 [Bas8| Bee leecs| ,, [SeHs/e as | = [Base 
Ssh 8] sae fas oshes| B |eslk) css |S5e3|_SaR|2e$3 B= 98] 2 see 
Dt Sit n= SH oye S a 
Eos Sees 2808 2288] S [Seks a0 [gPaz|s22i[si62 Feks| S leeds 
(aoa sas ad ONBE/ASHO| = MEAS| BES |MOACSSaGHRsasad| = [4288 
|| 16 17 18 19 20 21 22 23 24 25 26 27 28 

1.268 | 5.039 | 0.762 | 1.091 | 200 93 | 3.071 | 0.450 | 4.221 | 0.728 | 1.063] 64 16 

1.188 | 5.236 | 0.776 | 1.081 | 200 90 | 3.126 | 0.438 | 4.486 | 0.697 | 1.037] 65 15 

1.181 | 5.552 | 0.779 | 1.069 | 200 90 | 3.410 | 0.376 | 4.747 | 0.718 | 1.099 | 71 15 

1.163 | 4.634 | 0.838 | 0.998 | 190 91 | 2.845 | 0.514 | 3.985 | 0.714 | 0.955 | 62 18 

1.208 | 4.326 | 0.821 | 1.015 | 190 87 | 2.542 | 0.646 | 3.764 | 0.676 | 0.975 | 60 18 

1.072 | 4.944 | 0.860 | 1.022 | 185 87 | 3.252 | 0.440 | 4.312 | 0.754 | 0.947] 60 18 
| 0.988 | 5.382 | 0.888 | 1.045 | 198 92 | 3.695 | 0.481 | 4.875 | 0.758 | 1.015 | 64 19 
| 1,544 | 3.717 | 0.866 | 1.032 | 150 | 104 | 2.382 | 0.842 | 3.015 | 0.791 | 1.002 | 48 24 

1.138 | 3.710 | 0.965 | 1.100 | 140 96 | 2.900 | 0.749 | 3.321 | 0.874 | 1.058 | 50 27 
| 1.386 | 3.386 | 0.933 | 1.090 | 150 DN 2as44 ONT Weze777 | OnS45 i 1.0ll | 45 22 

1.165 | 3.492 | 0.906 | 1.074 | 140 | 100 | 2.504 | 0.796 | 3.123 | 0.802 | 0.920| 45 25 
| 0.919 | 3.296 | 0.928 | 1.033 | 115 87 | 2.582 | 0.700 | 3.077 | 0.827 | 1.050] 45 28 
(Cxuass 900 Locomotive No. 929. 

2.489 | 6.857 | 0.592 | 1.002 | 214 | 112 | 3.550 | 0.943 | 5.311 | 0.669 | 1.168 | 64 18 

2.220 | 7.562 | 0.623 | 1.081 | 209 | 111 | 3.970 | 0.852 | 6.194 | 0.641 | 1.208 | 58 18 

2.041 | 8.301 | 0.656 | 1.092 | 212 | 114 | 4.588 | 0.745 | 7.005 | 0.655 | 1.079 | 64 18 

2.526 | 6.234 | 0.630 | 0.993 | 210 | 111 | 3.059 | 1.086 | 4.794 | 0.638 | 1.036 | 58 18 

2.350 | 6.950 | 0.662 | 0.997 | 205 114 | 3.848 | 0.875 | 5.475 | 0.703 | 1.088 | 60 17 

2.112 | 7.512 | 0.708 | 1.051 | 209 | 115 | 4.454 | 0.934 | 6.334 | 0.704 | 1.109 | 62 17 

2.760 | 5.910 | 0.652 | 0.948 | 195 | 112 | 3.138 | 1.111 | 4.261 | 0.737 | 1.041 |] 60 18 

2.322 | 7.137 | 0.729 | 1.051 | 205 | 112 | 4.410 | 0.939 | 5.754 | 0.767 | 1.085 | 62 19 

2.139 | 8.595 | 0.705 | 1.078 | 205 | 101 | 4.864 | 0.948 | 7.404 | 0.657 | 1.054 | 58 22 
Der GLEHN Locomotive No. 2512 

soo Rieke ool eee eee en 1.695 | 0.266 | 2.206 | 0.769 | 1.047 | 42 15 

0,534 | 1.637 | 0.798 | 1.004 | 184 Ee fe et end tee a el ere hi! Came. us a 

0.528 | 1.696 | 0.755 | 0.991 | 173 43 | 1.080 | 0.385 | 1.553 | 0.696 | 0.914 | 30 17 

0.478 | 2.152 | 0.800 | 1.033 | 188 49 | 1.502 | 0.310 | 1.984 | 0.758 | 0.955 | 37 18 

0.426 | 2.481 | 0.836 | 1.060 | 181 53- | 1.900 | 0.311 | 2.366 | 0.804 | 0.998 | 42 21 

0.635 | 1.555 | 0.815 | 1.014 | 160 53 | 1.118 | 0.480 | 1.400 | 0.799 | 0.924 | 32 19 

0.564 | 1.606 | 0.813 | 1.035 | 169 AG ced eas ee steer pe oe eee 

0.539 | 1.760 | 0.836 | 1.072 | 173 PNP.) [lize Marea ete Genie ear oe ec 

0.587 | 1.701 | 0.772 | 1.047 | 168 CAN eee Wes cee Mae pe eee : 
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TABLE 14—Trsrts or A. T. &S. F. 


: 7 7 7 irene in lb. =a High Pressure 
per sq. in. Bpeed Cylinder 

Wt. of Steam 
80 3 He) Ls per Revolution 
5 ig = @ Z 2. = = a 

5 pS |Be se) 2 : a a | 34 4 
eo) fe 1288) S| gel spe [eee bgl ) 2 fee | eee 
g 8 BOR! ny | oo 2 S.g Bie a DP on | aed 
g P68 legal co begtl 26 | eee aha g | oO s | Soe 
Bg} = |$ge6| S$ jam) OO | & | bel Se +e> } & | Seo rege 
Ze, SQ |eass| & |A&| 4&2 BR) ee | at | 2 | ASS | ase 

1 2 3 4 5 6 8 10 lat 12 13 14 15 

601 80-30-F 8537 | 356.2 | 23.94] 217.6 | 14.6 | 80.00 | 4800.0} 346.8 | 18.79 | 1.778 | 2.042 
602 80-35-F | 10520 | 479.0 | 21.96] 215.7 | 14.6 | 80.00 | 4800.0) 346.8 | 18.79 | 2.191 | ..... 
603 80-45-F | 12668 | 470.4 | 22.20] 221.0 | 14.4 | 80.00 | 4800.0} 346.8 | 18.79 | 2.640 | 2.613 
604 80-55-F | 16850 | 808.4 | 20.85] 220.4 | 14.5 | 80.01 | 4800.6) 346.8 | 18.79 | 3.511 | 3.434 
605 | 160-35-F | 17290 | 877.1 | 19.71] 220.6 | 14.6 |160.00 | 9600.0) 693.6 | 37.59 | 1.803 | 2.395 
606 | 160-45-F | 20435 | 999.9 | 20.43] 219.2 | 14.5 |160.00 | 9600.0) 693.6 | 37.59 | 2.131 | 2.550 
607 | 160—55-F | 25492 /1296.1 | 19.65] 221.9 | 14.6 |160.00 | 9600.0) 693.6 | 37.59 | 2.658 | ..... 
609 | 240-50-F | 28645 |1414.6 | 20.25] 221.2 | 14.5 |239.89 |14393.4|1039.7 | 56.35 | 1.989 | 2.694 
611 | 240-53-F | 33691 |1621.5 | 20.76} 221.0 | 14.5 |240.02 |14401.2)1040.4 | 56.38 | 2.338 | 2.937 
613 | 280-50-F | 30680 |1459.7 | 21.01] 219.5 14.6 |280.00 |16800.0!1213.6 | 65.77 | 1.825 | 2.571 


TABLE 15—‘Tsrsts or N. Y.Co& HOR 


801 80-35-F | 11938 | 567.4 | 21.05) 209.4 | 14.5 | 79.82 | 4789.2) 345.5 | 18.72 | 2.495 | 2.564 
802| 80-45-F | 14797 | 714.4 | 20.70} 210.8 | 14.6 | 80.00 4800.0, 346.3 | 18.76 | 3.082 | 3.150 
805 | 160-35-F | 19182 | 967.0 | 19.85); 222.2 | 14.6 |160.00 | 9600.0) 622.6 | 37.52 | 1.998 | 2.458 
806 | 160-45-F | 25314 |1253.0 | 20.21] 220.4 | 14.5 |160.00 9600.0 622.6 | 37.52 | 2.638 | 3.009 
807 | 160-55-F | 33321 |1490.5 | 22.35| 221.4 | 14.4 |160.00 | 9600.0) 622.6 | 37.52 | 3.473 | ..... 
809 | 240-35-F | 24361 |1142.8 | 21.31] 218.7 | 14.5 |240.00 |14400.0)1039.1 | 56.29 | 1.691 | 2.311 
811 | 240-50-F | 36614 |1629.§ | 22.48] 219.6 | 14.5 |239.99 |143899.9)1039.0 | 56.28 | 2.542 | 3.004 
812 | 240-55-F | 40708 |1641.4 | 24.80) 212.3 | 14.5 |240.00 |14400.0)1039.1 | 56.29 | 2.827 | ..... 
813 | 280-35-F | 26886 |1102.3 | 22.52] 220.0 | 14.5 |280.11 16806 .6)1212.5 | 65.69 | 1.598 | 2.288 
814 | 280-40-F | 31132 |1368.9 | 22.75) 220.2 | 14.5 |279.97 |16798.2|1212.0 | 65.66 | 1.854 | 2.613 
815 | 320-40-F | 32475 |1235.7 | 24.39] 222.3 | 14.5 |320.00 |19200.0/1385.3 | 75.05 | 1.690 | 2.360 


TABLE 16—Trsts or Hanover Compounp 


a Pat Pressure—lb. per sq. in. ee Speed | _ 
| 7 ! — = - _ 
S| 
| g ac 
a i 1s wo 2 a Da | 
S|} 38 Be es : cae ie A A 35 
=| BS (848.5) era hes 4 § |S. 8 8 2a 
SB oe aD w . O,- oo 4 > nog ee) SB Qo be 
Bl Se |Q2oSe| x ky =) 32> a oq a 3.8 os DA 2 
a 6.8 Sepa cal 5, ore ICS) Saw Og 38 be = 
Saon| & QMO | Moh S |hoho a g = 
aq) 28 issee s aoe os eee & beetle os oe. er 
Z| RQ |eass| a Mi; 8 | 250) m@ |AaeS) wa | wk | 2. ere 
i 8 (eee 4 5 Gy 9 10 11 12 13 
701] 80-35-F | 6795 | 375.6 | 18.09 | 198.3 | 194.6 | 14.4 | 84.45 | 80.00 | 4800 | 314.9 | 18.57 
702} 80-45-F | 8564 | 480.5 | 17.84 | 202.0 | 198.3 | 14.4 | 86.97 | 80.00 | 4800 | 314.9 | 18.57 
705/160-35-F | 10470 | 622.9 | 16.81 | 198.8 | 194.4 | 14.5 | 82.18 |160.00 | 9600 | 629.7 | 37.13 
706|160-40-F | 12097 | 728.9 | 16.59 | 202.6 | 197.4 | 14.5 |103.98 |160.06 | 9603.6] 630.0 | 37.15 
707|160-45-F | 14533 | 813.7 | 17.86 | 198.8 | 193.6 | 14.4 |116.20 |160.00 | 9600 | 629.7 | 37.13 
708|/160-45-F | 14550 | 801.3 | 18.16 | 197.0 | 190.9 | 14.5 | 97.19 |160.00 | 9600 | 629.7 | 37.13 
709|240-30-F | 10521 | 631.2 | 16.67 | 204.1 | 198.5 | 14.5 | 88.36 |240.00 |14400 | 944.7 | 55.70 
711/240-40-F | 15343 | 816.4 | 18.78 | 187.0 | 179.9 | 14.7 |101.46 |240.00 |14400 | 944.7 | 55.70 
712|280-30-F | 14655 | 688.4 | 21.29 | 204.2 | 196.6 | 14.5 | 71.28 |280.27 |16816.2|1103.1 | 65.05 


| 
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CLAYTON——STEAM CONSUMPTION OF LOCOMOTIVE ENGINES 


Ce 


High Pressure Cylinder Low Pressure Cylinder 
Wt. of Steam Av. Abs. Pres- Weight of Steam | Av. Abs. Pres- 
) per Revolution a = 8 sure, lb.-sq. in. per revolution 2 >| 3 sure, lb.-sq. in. 
1 £ als eam oe g iS aalte, | 
E. ssa Bi 8a tf | aw Bs Sah Rens! ql Oy ee 
BS85) om /CSSEo8S | & [Base] Pst lueas| op lSSeFes | S laa 
aks. Sasifassievss| = Mops) £88 Sse se alSascisaae) 8 [gk 
Se ee Sas eSSOkls ees] S Bees) S50 [esau ke s/Sg0k| Sear) Oo peeks 
OBS |RA<A OH SA ASAO| 4 MAGS) Bhs MOR Gadd Sagdiasas| = |aZ85 
16 17 18 19 20 21 22 23 24 25 26 27 28 
gos | 2.676 | 0.764 | 0.944 | 218 | 106 | 1.389 | 0.487 | 2.265 | 0.614 | 1.042 | 59 | 15 
ere tallian Sais peas earns Sal oo Seca ist 1.767 | 0.436 | 2.627 | 0.673 | 1.066 66 15 
987 | 3.627 | 0.721 | 0.999 218 109 1.976 | 0.391 | 3.0381 | 0.652 | 1.062 62 15 
943 | 4.454 | 0.771 | 1.076 219 118 2.725 | 0.331 | 2.842 | 0.709 | 1.140 64 16 
267 | 3.070 | 0.780 | 1.001 210 100 1.704 | 0.481 | 2.284 | 0.746 | 1.065 59 16 
155 | 3.286 | 0.776 | 1.008 194 114 1.945 | 0.480 | 2.611 | 0.745 | 1.041 65 18 
. SsbB It ea ece ere Nea aCEO Teel Meee Pers 2.385 | 0.461 | 3.119 | 0.765 | 1.073 63 18 
-116 | 3.105 | 0.868 | 1.076 195 115 2.072 | 0.594 | 2.583 | 0.803 | 1.055 59 20 
-068 | 3.406 | 0.863 | 1.039 195 104 2.352 | 0.584 | 2.922 | 0.805 | 1.024 60 26 
.099 | 2.924 | 0.880 | 1.098 179 104 1.920 | 0.642 | 2.467 | 0.779 | 1.025 55 25 
IR. R. Cuass I1 Locomotive No. 3000. 
1.011 | 3.506 | 0.732 | 0.986 208 95 1.870 | 0.451 | 2.946 | 0.635 0.976 62 16 
0.771 | 3.793 | 0.830 | 1.060 212 89 2.318 | 0.427 | 3.509 | 0.661 | 1.030 63 16 
1.066 | 3.064 | 0.802 | 0.942 201 105 1.762 | 0.580 | 2.578 | 0.684 | 0.937 58 19 
9.924 | 3.562 | 0.845 | 1.097 204 96 2.250 | 0.546 | 3.184 | 0.707 | 0.982 58 22 
Pen e liMereectaney sl) cSictitete |) ceceerepe noe Aer 2.910 | 0.576 | 4.049 | 0.719 | 0.934 63 27 
1.188 | 2.879 | 0.804 | 0.968 199 114 1.758°| 0.741 | 2.432 | 0.723 | 0.930 59 25 
| 0.936 | 3.478 | 0.864 | 1.035 191 102 2.420 | 0.723 | 3.267 | 0.741 | 0.962 60 31 
5 cig Beeb FCT p ENR eRe Oe tas 2.626 | 0.713 | 3.540 | 0.742 | 0.950 62 34 
1.145 | 2.743 | 0.834 | 0.958 202 113 1.718 | 0.791 | 2.389 | 0.719 | 0.950 59 26 
1.195 | 3.049 | 0.858 | 1.008 199 119 2.064 | 0.836 | 2.690 | 0.767 | 0.964 59 31 
1.209 | 2.899 | 0.884 | 1.059 188 121 1.972 | 1.018 | 2.708 | 0.729 | 1.000 55 30 
Lass S8 LocomMoTivE No. 628. 
High Pressure Cylinder Low Pressure Cylinder 7 
7 Weight of Steam Av. Abs. Pres-| Weight of Steam Av. Abs. Pres- 
per Revolution ge ee sure, lb.-sq. in. per Revolution 38 5 sure, lb.-sq. in. 
Gao i <a 
i= ' uy ey or t 
» |BeelSegSle lseple Re) w (28s |p. [Ses |H |sBp iP RS) we |eea 
ile) £L | sag b> ow | oF Cy Ne=peetell BS) So S Ps ow | oA Ke REO 
SOflESS| a4 ane PRO Mee) £ MSS |aae| saa Hae | PSS) Hed) § igo 
Res] 680 | aa'g Sa eaeeiesa| © HaaalBSt| fe 228/32 | Soa) O Hage 
» -_ icc es Ss 
BSS OS | 882 CSE Ssslzee| 4 Asse] asd ladk Sad (Ged |<e8) 2 las es 
14 15 16 17 18 19 20 21 22 23 24 25 26 27 28 
aes eee 
1.416] 1.465] 0.417|1.833/0.801|0.940) 188 54 1.287) 0.237) 1.653] 0.779] 0.990) 42 16 
1.784| 1.843] 0.374/2.158]0.855/0.997| 188 55 1.605) 0.177; 1.961] 0.819} 1.038) 47 15 
1.091] 1.333] 0.430]1.521/0.876|/0.944| 156 59 1.184 0.299) 1.390] 0.852} 1.029) 40 1? 
1.259] 1.514! 0.397|1.656|0.914/1.041) 160 58 1.331] 0.278, 1.537] 0.867) 1.005) 40 18 
1.514] 1.700) 0.353/1.867|0.911/1.049| 160 55 1.478) 0.261) 1.775) 0.833} 1.015 42 19 
1.516] 1.683] 0.386]1.902/0.885|1.000| 160 59 1.578) 0.279] 1.795] 0.879] 1.058) 42 21 
0.730] 1.091] 0.499]1.229/0.888/0.960; 145 56 0.990] 0.348 1.078] 0.918} 1.000 36 18 
1.065) 1.366) 0.385|1.450/0.942)1.028} 140 55 1.302} 0.328) 1.393] 0.935 1,004 37 22 
0.872] 1.188] 0.498]1.370|0.816/0.946| 146 63 1.055| 0.406! 1.278] 0.826] 0.997) 35 21 


